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REPORT ON FLOOD OF 22 JUNE 1972
IN PHOENIX METROPOLITAN AREA, ARIZONA

INTRODUCTION

1. AUTHOR ITY. This report is submitted under the authority of Public Law 99,
84th Congress, 1st session, and in accordance with Corps of Engineers
Regulation ER 500-1-1 titled "Emergency Employment of Army and Other
Resources - Natural Disaster Procedures."

2. SCOPE. This report describes the storm and flood in the Phoenix Metropolitan Area,
Arizona, during the period 21-22 June 1972 and presents the resultant flood damage in the
cities of Phoenix, Scottsdale, Tempe, and in the unincorporated area surrounding Paradise
Valley. Hydrologic data collected during the storm and flood are presented; local conditions
created by the flood are discussed; damages to various types of property are tabulated; and
estimates of damages that would have been prevented by Corps of Engineers projects
authorized but not yet constructed are presented. Flood damages considered in this report
include physical damages, emergency costs, and business losses to public and private
property as a result of inundation or erosion by floodwaters and flood-transported debris,
but do not include damages caused by rainfall or' wind.

GENERAL DESCRIPTION OF DISASTER AREA

3. DISASTER DECLARATION. Governor Jack R. Williams of Arizona declared a state
of emergency on 27 June 1972. The President declared Maricopa, Pima, and Pinal Counties,
Arizona, major disaster areas on 3 July 1972.

4. LOCATION. The flood-damaged cities of Phoenix, Scottsdale, Tempe, and P:aradise
Valley are in the south-central part of Arizona. (See pI. 1.) The flooded areas lie in the Gila
River Basin, a drainage area of 58,200 square miles - 5,600 in New Mexico, 51,500 in
Arizona, and 1,100 in Sonora, Mexico.

5. CLIMATE. The drainage area has an arid, subtropical climate, characterized by hot
summers, mild winters, and infrequent rainfalls. Summer thunderstorms of high intensity,
but short duration, account for most of the annual rainfall.

6. TOPOG RAPHY. Part of the drainage area is mountainous; the remainder is a rolling,
desert plain. Mountains near the flood-damaged areas include the McDowell Mountains
northeast of Scottsdale, the Phoenix Mountains north and northeast of Phoenix, and the
Salt River Mountains southwest of Phoenix and Tempe. Elevations in the flooded area range
from about 1,000 feet at the Salt River to about 3,000 feet in the mountains north of
Phoenix.

7. VEGETATION. Natural vegetation in the area is sparse, with cactus, creosote bush,
sagebrush, and paloverde being the dominant desert plants. Irrigation has resulted in the
transformation of the desert plain to productive farmland and urban communities.
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8. STREAMS. Indian Bend Wash, a tributary to the Salt River upstream from Phoenix,
drains an area of 224 square miles. (See pI. 1.) A small part of the Gila River Basin, the
Indian Bend Wash Basin is about 10 miles east and northeast of Phoenix. The basin is
26 miles long and about 15 miles wide. Numerous streams drain the south side of the
Phoenix Mountains. The principal drainage courses include Dreamy Draw Wash, which
drains an area of 1.62 square miles and Cudia City Wash, which drains an area of 2.16.

9. CANALS. The Arizona and Grand Canals, units of the Salt River Project, deliver
irrigation water to lands on the north bank of the Salt River. (See pI. 1.)

STORMS AND FLOOD

10. METEOROLOGY. Heavy thunderstorms hit northeastern Phoenix on the evening of
21 June and the morning of 22 June 1972. These storms were part of a series of moderate
to heavy early summer thunderstorms affecting Ari,lOna, Nevada, and Utah during
20-23 June 1972. The cause of these disturbances was a deep flow of very moist, unstable
tropical air that invaded the southwestern United States from the Gulf of California and the
Pacific Ocean west of Baja California.

11. PRECIPITATION. The storms' rainfall occurred between 6 a.m. and 12 a.m. on
22 June in the northeast part of Phoenix, with the greatest intensities recorded during a
1.5 to 2-hour period. The maximum unofficial intensity reported was 5.25 inches during an
estimated 2 hours in the vicinity of 24th Street and Camelback Road in Phoenix. Amounts
of 4.87 inches at 24th Street and indianola Avenue and 4.45 inches at 3430 East Coolidge
Street were reported by unofficial stations 0f the National Weather Service. The maximum
recording-gage intensity measured was 3.85 inches in 1 hour and 20 minutes at 18th Street
and Turney Avenue.

12. The intense part of the thunderstorm affected a rather small area, as indicated by the\
areas inclosed within the various isohyets shown on pI. 2. The tabulation below summarizes
the depth-area relationship for the 6-hour duration of the storm.

Isohyet Area

5 inch 1.37 sq. mi.
4.5 inch 7.78 sq. mi.

4 inch 17.93 sq. mi.
3.5 inch 36.61 sq. mi.

3 inch 51.13 sq. mi.
2.5 inch 68.30 sq. mi.

2 inch 93.39 sq. mi.
1.5 inch 162.64 sq. mi.

1 inch 258.84 sq. mi.
0.5 inch 310.61 sq. mi.

Rainfall readings for various official and unofficial gages are shown in table 1, and the gage
locations are shown on pI. 3. Mass rainfall readings for four recording gages are shown on
pI. 4.

2



13. RUNO FF. The heavy precipitation that occurred during the period 21-22 June 1972
caused relatively high discharges on the small drainage areas on the south slopes of the
Phoenix Mountains and a record discharge on Indian Bend Wash.

14. A U.S. Geological Survey recording stream gage on Indian Bend Wash at Indian Bend
ROad indicated a peak discharge at this location of 17,000 cubic feet per second (c.f.s.l. The
flood hydrograph at th is gage is shown on pI. 5, and the loca~ion of the gage is shown on
pI. 3. In addition, 3,000 c.f.s. that was not measured by the stream gage flowed Clcross
Indian Bend Road. This would constitute a peak discharge of 20,000 c.f.s. at Indian Bend
Road. This flood is estimated to have a frequency of occurrance of once every 70 years.

15. The USGS also made several slope-area measurements from high-water marks at
various locations shown on pI. 2. The peak discharge at each of these points is listed in
table 2. A comparison of peak discharges per square mile for recorded major floods in the
Phoenix area with those of the 22 June 1972 flood is shown in table 3. An enveloping curve
for these peak discharges is shown on pI. 6.

16. OVERFLOW AREA. Flooding occurred along Indian Bend Wash in Paradise Valley
and in the unincorporated areCi surrounding Paradise Valley, Scottsdale, and Tempe. Other
parts of the Paradise Valley area was subjected to sheet flow. Flooding occurred along the
upstream sides of the Arizona Canal in Scottsdale and Phoenix and the Grand Canal in
Phoenix. Flooding occurred below both canals in Phoenix due to spills and overtopping of
the canals. A schemqtic drawing of the flooded area is shown on pI. 1.

3



TABLE 1

PRECIPITATION DATA, STORM OF JUNE 21-22,1972
PHOENIX, SCOTTSDALE AND PARADISE VALLEY AREAS, ARIZONA

· ;.:r:

PRECIPITATION
Gage Location Storm

Gage or June 21 June 22 Total
No. Name Name of station Amount Period Amount Period (in) Footnote references

1 Lew Carrifee 4936 W. Verde Ln. .16 .28 .44 (1),(7)
2 Robert Ingram 63rd St. & Earll .31 .53 .84 (1)
3 Ray Kistler 36th St. & Pickadilly .44 3.31 3.75 (1)
4 Louis R. Jurwitz 25th St. & Bellview .54 3.05 3.59 (1)
5 Melvin Ruth 9832 N. 7th Place 0 1.60 (1)
6 Goldsmith 28th St. & Highland .41 4.23 4.64 (1)
7 Bill Erichson 4511 N. 31st. St. .35 4.15 4.50 (1 )
8 A.B. Clark 741 E. Ocotillo .06 2.65 2.71 (1)
9 Frank Peddie 67th St. & Horseshoe Ln. 1.66 (1)

10 USGS 1648 E. Meadowbrook 4.20 (1)
11 Paul C. Kangieser 9020 S. 17th Place 0 .33 .33 (1) ,(7)
12 Ted Wilson 42nd St. & Indian School .30 3.10 3.40 (1)
13 Bruce A. Cain 18th St. & Turney .43 1 hr. 3.85 1 hr. 20 min. 4.28 (1),(8)
14 Salt River Project McClintock & Southern .06 .03 .09 (1),(7)
15 Do. 2200 E. McDowell .31 2.84 3.15 (1)
16 Do. 39th Ave & Dunlap .05 .10 .15 (1)
17 Do. 20th St. & Oak .24 3.66 3.90 (1)
18 Do. 11th Ave & Culver .04 3.10 3.14 (1 )
19 Do. Country Club & Southern .43 .15 .58 (1)
20 Do. Lawrence Ln. & 13th St. Trace 2.19 2.19 (1)
21 Do. 7th St. & Roosevelt .20 3.25 3.45 (1)
22 Do. Mesa Dr. & Ramble Rd. .43 Trace .43 (1)
23 Do. 56th St. & Southern

"" .36 .08 .44 (.1)
,"

24 Do. 87th St. & Oak .11 .34 .45 (1)
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TAB LE 1 (continued)

PRECIPITATION
Gage Location Storm

Gage or June 21 June 22 Total
No. Name Name of station Amount Period Amount Period (in) Footnote references

25 Do. Stapley & Brown .25 .34 .59 (1)
26 Do. 17th St. & Farmers .08 .09 .17 (1 )
27 Do. Indian Wash & Ariz Canal .90 1.36 2.26 (1)
28 Do. 38th Dr. & Puget .07 .08 15 (1)
29 John Pritchard 42nd St. & McDonald .55 3.87 4.42 (1)
30 Mr. Stark 32nd St. & Shea 3.77 (1 )
31 Sa It River Project 3900 E. Thomas 3.10 (1 )
32 Ben Burke 24th St. & Indianola 4.87 (1 ),(9)
33 Paul E. Griffin Alhambra 2NE Trace 1.11 1.11 (2)
34 USBIA Phoenix Ind ian Schoo I .15 1.91 2.06 (2)
35 Scottsdale Fire Dept Miller & Thomas 0 .20 .20 (2)
36 Olus Barnes Tempe 0 .37 .37 (2)
37 Harold Orcutt South Phoenix .23 1.22 1.45 (2)
38 Univ of Ariz Tempe Citrus 0 .45 .45 (2)
39 Do. Mesa Exp. Farm .43 (2)
40 USWB Phoenix WSFO .27 1.37 4 hrs. 1.64 (2), (8)
41 Bruce A. Cain Deer Valley .14 30 min. .73 2 hrs. .87 (2)
42 Willard Groene Mummy Mountain 1.00 3.24 4.24 (2)
43 Earle Stewart Laveen 0 .86 .86 (2) ,(7)
44 Black Canyon No. 13 0 .50 4 hr. 30 min. .50 (3),(10)
45 Carefree No. 19 .05 30 min. .81 3 hrs. .86 (3)
46 Fort McDowell No. 23 .18 1 hr. 15 min..86 5 hrs. 1.04 (3)
47 Rock Springs No. 46 .01 .39 4 hr. 30 min. 040 (3)
48 Skunk Creek No. N/A 0 .51 2 hrs. .51 (3)
49 So. Mountain ParI< No. 53 0 .62 3 hrs. .62 (3)
50 Thunderbird Academy No. 59 .91 1 hr. 1.46 3 hrs. 2.37 (3)



TABLE 1 (continued)

PRECIPITATION
Gage Location Storm

Gage or June 21 June 22 Total
No. Name Name of station Amount Period Amount Period (in) Footnote references

51 Jeffery Carqueville 110 W. McNeil St. No. 38 .10 .60 .70 (3),(11)
52 V.V. Higginbotham 7514 E. Taylor No. 51 .15 .31 .46 (3)
53 Yettie M. Ferguson 11202 Nebrdska Ave

Youngtown No. 79 0 0 0 (3)
54 K.C. Schabinger 1·3/4 mi. N.E. Apache

Junction No.5 Trace .20 .20 (3)
55 George M. Duren 11102 Iowa Ave

Youngtown No. 69 0 0 0 (3)

56 Mrs. R. Morrow Wenden No. 61 .01 0 .01 (3)

57 R.E. Bellinoff 3430 E. Coolidge St. No 39 .46 4.45 4.91 (3)

58 Martin Nerad 3 mi. NWof Hassayampa
No. 26 0 0 0 (3)

59 R.G. Coker 11 mi. W of Arlington
No. 36 0 0 0 (3)

60 J.W. Rogers 318 4th Ave
West Valencia No. 14 0 o· 0 (3)

61 Ollie Leppanen 541 W. Palm Lane No. 33 0 3.35 3.35 (3)

62 Harry Cram Apache Junction No. 78 0 .17 .17 (3)

63 M.F. Currier 11325 Duluth Ave
Youngtown No. N/A 0 0 0 (3)

64 Jim Terry Ox Wash No. 80 0 0 O· (3)

65 Mrs. George Potts 12819 N. 22nd St. No. 53 .01 2.20 2.21 (3)

66 Torn Anderson 5250 N. 15th St. No. N/A .22 3.44 3.66 (3)

67 Jay Vander Wall 529 S. Hobson No. 57 .50 .10 .60 (3)

68 Win Green 4920 N. 85th St. .30 6 hrs. .71 6 hrs. 1.01 (4)

69 Bob Gale 2902 E. Voltaire .31 Do. 1.67 Do. 1.98 (4)

70 Glen Reagan 13823 N. 37th PI. .21 Do. 2.95 Do. 3.16 (4)



TABLE 1 (continued)

PRECIPITATION

Gage
No. Name

Gage Location
or
Name of station

June 21
Amount Period

June 22
Amount Period

Storm
Total
(in) Footnote references

71 Allan Hibbert
72 Ross Watkins
73 Bill McElvain

74 Wendell Tolkerts
75 Maurice Bradford
76 Ken Mullins
77 Do.
78 Lee Reagan

1442 E. Bishop Dr., Tempe
1627 W. Geneva Dr., Tempe
1867 E. Loma Vista Dr.,
Tempe

1315 E. Georgia
24th St. & Camelback
4007 N. 34th St.
4218 N. 35th Way
757 E. Montecito

.11 Do. .06
t t

t t
.10 4.00
.38 5.25
.30 4.02
.35 4.04
.20 4 hrs. 2.95

Do.

4 hrs.
2 hrs.

4 hrs.

.17

.21

.25
4.10
5.63
4.32
4.39
3.15

(4)
(4)

(4)
(5)
(5),(12)
(6)
(61
(5)

'.J t Included in 12-hour total.
1 National Weather Service, unofficial stations.
2 National Weather Service, official stations.
3 USGS stations.
4 US Forest Service Data, private observers.
5 Response to newspaper request for data, private observers.
6 US Water Conservation Lab, private observers.
7 Gage· type unknown.
8 Recording Gage· type unknown.
9 CAN.

10 Recording Gage - Universal.
11 Nonrecording plastic rain gage.
12 Straight-sided jar, approx. 4 in. Dia.



TABLE 2

.....
FLOOD STAGES AND DISCHARGES FOR 22 JUNE 1972.... ~ .

PHOENIX, SCOTTSDALE AND PARADISE VALLEY AREAS, ARIZONA

Drainage Gage Peak Unit
Stream and place of area height discharge runoff
station determination (sq. mi.) (ft.) (cfs) (csm)

Shea Wash, SE 1/4 sec.23, T. 3N., 1.79 945 528
R. 5E., at Shea Blvd nr Scottsdale

(.

2 Shea Wash trib No.3, SE 1/4 0.09 86 956
sec.23, T. 3 N., R. 5 E., at
Shea Blvd nr Scottsdale

3 Shea Wash trib No.2, SW 1/4 0.14 103 736

.. ~. sec.23, T. 3 N., R. 5 E., at
Shea Blvd nr Scottsdale

4 Shea Wash trib No.1, SW 1/4 0.12 80 667
sec.23, T. 3 N., R. 5 E., at
Shea Blvd nr Scottsdale

5 Indian Bend Wash trib No.1, 0.026 88 3,400
NW 1/4 SW 1/4 sec. 32, T. 3 N., R. 4 E.,
at Tatum Blvd in Paradise Valley

6 Indian Bend Wash trib No.2, 0.075 144 1,920
SE 1/4 SW 1/4 sec. 32, T. 3 N., R. 4 E.,
at Tatum Blvd in Paradise Valley

~~.~jl

7 Indian Bend Wash, SW 1/4 83.0 14,500 175
sec. 34, T. 3 N., R. 4 E., at
Camelback Country Club in
Paradise Valley

8 Indian Bend Wash (at Indian Bend 142.0 4.93 20,000 141
Rd) nr Scottsdale (gaging station)

tt9 Indian Bend Wash at Thomas 7.98 14,300
Road in Scottsdale

10 Cudia City Wash nr Phoenix, 2.16 4,200 1,940
SE 1/4 SE 1/4 sec. 7, T. 3 N.,

l'
R. 4 E., 1,000 ft upstream
from McDonald Drive

11 Cudia City Wash trib at 40th ~t 0.08 219 2,750
and Rancho Drive, NE 1/4 NE 1/4
sec. 13, T. 2 N., R. 3 E.

12 Dreamy Draw (at 16th St) at 1.62 860 530
Phoenix, SW 1/4 SW 1/4 sec. 34,
T. 3 N., R. 3 E.

tt Slope-area survey run at Roosevelt St. 8
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TABLE 3

..

COMPARISON OF PEAK DISCHARGES FOR
MAJOR RECORDED FLOODS IN THE PHOENIX, ARIZONA AREA

Drair.oge Peak
area' discharge Discharge

Number Location Date (sq. mi.) (cfs) (cfs/sq. mi.)

Shea Wash, SE 1/4 sec. 23, T. 3 N. *June 1972 1.79 945 528
R.5 E., at Shea Blvd nr Scottsdale

2 Shea Wash trib No.3, SE 1/4 *June 1972 .09 86 956
sec. 23, T. 3 N., R. 5 E., at
Shea Blvd nr Scottsdale

3 Shea Wash trib No.2, SW 1/4 *June 1972 .14 103 736
sec. 23, T. 3 N., R. 5 E., at
Shea Blvd nr Scottsdale

4 Shea Wash trib No.1, SW 1/4 *June 1972 .12 80 667
sec. 23, T. 3 N., R. 5 E., at
Shea Blvd nr Scottsdale

5 Indian Bend Wash trib No.1, *June 1972 .026 88 3,400
NW 1/4 SW 1/4 sec. 32, T. 3 N., R. 4 E.,
at Tatum Blvd in Paradise Valley

6 Indian Bend Wash trib No.2, *June 1972 .075 144 1,920
SE 1/4 SW 1/4 sec. 32, T. 3 N.,
R.4 E., at Tatum Blvd in

,..'~..~~..~~~~ Paradise Valley

7 Ind ian Bend Wash, SW 1/4 *June 1972 83. 14,500 175
sec. 34, T. 3 N., R. 4 E., at
Camelback Country Club in
Paradise Valley

8 Indian Bend Wash (at Indian Bend *June 1972 142. 20,000 141
Rd) nr Scottsdale (gaging station)

9 Cudia City Wash nr Phoenix *June 1972 2.16 4,200 1,940
SE 1/4 SE 1/4 sec. 7, T. 3 N.,
R.4 E., 1,000 ft. upstream
from McDonald Drive

" 10 Cudia City Wash trib at 40th St *June 1972 .08 219 2,750
and Rancho Drive, NE 1/4 NE 1/4
sec. 13, T. 2 N., R. 3 E.

11 Dreamy Draw (at 16th St) at *June 1972 1.62 860 530
Phoenix, SW 1/4 SW 1/4 sec. 34,
T.3N.,R.3E.

.j.

9
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TABLE 3 (Continued)
;:"

COMPARISON OF PEAK DISCHARGES FOR
MAJOR RECORDED FLOODS IN THE PHOENIX, ARIZONA AREA

Drainage Peak
area discharge Discharge

Date (sq. mi.). (cfs) (cfs/sq. mi.)

12 Hassayampa R. @ Box Damsite Sept. 1970 417. 58,000 139.09
(nr Wickenburg)
SE 1/4 sec. 7, T. 8 N., R. 4 W.

13 New R. nr Glendale Sept. 1970 323. 19,200 59.44
NE 1/4 NW 1/4, sec. 8, T. 2 N., R. 1 E.

14 New R. nr. Rock Springs Sept. 1970 67.3 18,600 276.37
SW 1/4 SW 1/4, sec. 6, T. 7 N., R. 3 E.

15 New R. at Glendale Dec. 1967 ~23. 19,800 61.30

16 Skunk Cr. nr Phoenix Dec. 1964 64.6 11,500 178.02
SE 1/4, sec. 35, T. 5 N., R. 2 E.

17 New R. @ New R. De::. 1970 85.7 19,500 227.54
SE 1/4 NW 1/4, T. 7 N., R. 2 E.

18 I BW nr Scottsdale JUlie 1972 142. 20,000 140.84
SE 1/4, sec. 2, T. 2 N., R. 4 E.

19 Cave Cr. nr Cave Cr. De.;. 1961 121. 12,400 102.48
SW 1/4, sec. 12, T. 5 N., R. 3 E.

~~..~~tit~~ ••~~i;
20 New R. nr Rock Springs 67.3 10,600";'~" .•.~.'....... ". De;. 1967 157.50

21 New River at Peoria Aug. 1943 187. 38,000 203.21
NE 1/4 NE 1/4, sec. 3, T. 3 N., R. 1 E.

22 Agua Fria R. @ Avondale Jan. 1916 2,013 105,000 52.16
NW 1/4, sec. 14, T. 1 N., R. 1 W.

23 A~ua Fria R. @ Avondale NO/.1919 2,013. 105,000 52.16

24 Sycamore Cr. nr Ft. McDowell Sept. 1970 165. 24,200 146.67
sec. 16, T. 4 N., R. 8 E.

25 Queen Cr. Superior @ Whitlow Aug. 1954 144. 42,900 297.92
Ranch Dam site.

• June 22, 1972

r .. • ....•..',.,..~..

.~.. ; .. :
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FLOOD DAMAGES

17. GENERAL. Damage data were collected and evaluated by personnel of the Los
Angeles District in cooperation with many Federal, State, County, City and local
agencies - including the U. S. Soil Conservation Service; the U. S. Geological Survey; the
U. S. Forest Service; the U. S. Air Force; the Arizona State Highway Department; the
Arizona State National Guard; the Arizona State Civil Defense; the Maricopa County Flood
Control District and the Maricopa County Highway Department; the Engineering, Water and
Sewers, Sanitation, Parks, Playgrounds and Recreation, and Street Maintenance
Departments of the City of Phoenix; the Scottsdale City Public Works and Park and
Recreation Departments; the Salt River Project; the American Red Cross; and the Mountain
Bell Telephone Company. Local business establishments and local residents also supplied
valuable data on flood damages.

18. The principa I areas of flood damage are shown on pI. 7 through 19. These areas were
along a 14-mile-long reach of Indian Bend Wash; along 16 miles of the Arizona Canal from
Cave Creek to [ndian Bend Wash; along breaks in the Arizona Canal at 23d Avenue, Central
Avenue, 7th Street, 12th Street, 16th Street, 20th Street, 32d Street, and 40th Street; along
8 miles of Grand Canal, from 15th Avenue to 44th Street; and along breaks in the Grand
Canal at 12th Avenue, Central Avenue, 7th Street, and Longview Avenue.

19. The principal population centers affected by overflow from Indian Bend Wash and the
Arizona and Grand Canals are: Phoenix along Indian Bend Wash, the Arizona Canal, and the
Grand Canal; Scottsdale and Tempe along Indian Bend Wash and the Arizona Canal; and
Paradise Valley along Indian Bend Wash.

20. Flood damages consisted of physical damages; emergency costs resulting from
evacuation, flood fighting, relief, and use of alternative facilities; and business losses due to
delays, increased costs of operation, and lost income.

21. The flooded areas and the extent of damages are described In the following
paragraphs.

22. INDIAN BEND WASH. This report considers only that part of Indian Bend Wash
extending from Hearn Road in Paradise Valley to the Salt River. Indian Bend Wash, for the
purposes of this report, has been divided into two reaches - Upper Indian Bend Wash, which
lies above the Arizona Canal, and Lower Indian Bend Wash, which lies below the Arizona
Canal. Upper I ndian Bend Wash extending from Hearn Road to the Arizona Canal, a
distance of 8 miles, has a drainage area of 142 square miles. Lower Indian Bend Wash
extending from the Arizona Canal to the Salt River, a distance of 7 miles, drains an
additional area of 59 square miles. Each of these reaches has been further divided into two
subreaches, all of which are discussed in the following subparagraphs.

11
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Silt deposit was a major problem along Indian Bend Wash as is evident from this view of oornes
north of Thomas Road in Scottsdale.

Silt was also deposited on properties along Indian Bend Wash near McKellips Road in the City of
Tempe.



23. UPPER INDIAN BEND WASH (HEARN ROAD TO SCOTTSDALE ROAD IN
PARADISE VALLEY). The flooded area along this reach of Indian Bend Wash and the
tributaries to the wash in the vicinity of wash amounted to 2,350 acres. The flooded area
along this reach is shown on pI. 7 and 8. In addition minor flooding ocurred outside this
area. Although winds caused the most severe damage in Paradise Valley, sheetflow with a
depth ranging from 1 to 2 feet throughout the valley caused total flood damages estimated
at about $250,000.

\
\

A street sign is the only evidence of the intersection as sheetflow covers Shea Blvd.
and 50th Street in Paradise Valley.

A summary of estimated damages appears in table 4. The following subparagraphs give
pertinent information on damages along this reach.

a. Damages to residential property. Sheetflow in the area north of f ndian Bend Wash
between 64th Street and Scottsdale Road caused flood damages to about 66 homes. Most of
the damage occurred to landscaping, but floodwaters entered some homes causing extensive
damage to their contents. Sheetflow inundated about 37 homes south of Shea Boulevard
between 56th and 64th Streets. Again, most of the damage occurred to the landscaping;
floodwaters damaged the contents of only a few of these homes. About
57 additional homes, scattered over the area, were damaged by the flood. In summary,
about 160 homes sustained flood damages estimated at about 5184,000.

13



Floodwater from a tributary of Indian
Bend Wash converted landscaping into
an island near these homes at 58th f

place in Paradise Valley.

b. Damages to public property. Costs incurred by the Town of Paradise Valley for
floodfighting and for the removal of debris and silt in the valley are included under this
category. Public property damage is estimated at $4,000.

c. Damages to parks and recreation areas. Floodwaters with a depth of about 3 feet
and a velocity of 4 feet per second (f.p.s.) inundated a golf course in the wash west of
Scottsdale Road. A few trees were washed out and silt was deposited on the turf. Ponded
water remained on the course for about a week and a half resulting, in loss of revenue. Total
estimated damages are $15,000.

d. Damages to agricultural property. Agricultural property in Paradise Valley incurred
minor damages estimated at $3,000.

e. Damages to streets, roads, and bridges. The streets most severely damaged during
the flood were Shea Boulevard and Double Tree Ranch Road. Segments of pavement were
washed out and silt was deposited on the streets. The total damages to streets were about
$4,000.

f. Damages to utilities. The only damages to utilities consisted of damages to the
telephone system. The total damages were about $40,000.

14



24. UPPER INDIAN BEND WASH (SCOTTSDALE ROAD TO THE ARIZONA CANAL
IN THE CITY OF SCOTTSDALE). Flooding occurred in an area east of Scottsdale Road
to the Arizona Canal south of Indian Bend Road in the City of Scottsdale. The flooded area,
amounting to 850 acres, is shown on pI. 8 and 9. The discharge at the gaging station on
Indian Bend Road was about 20,000 c.f.s. Also, at Indian Bend Road, floodwaters with a
discharge of about 3,000 c.f.s. flowed along the Arizona Canal and remained above the
canal, damaging private property. The damages that were sustai~ed in that area are described
under the section covering the Arizona Canal in the City of Scottsdale. The total flood
damages on Upper Indian Bend Wash in the City of Scottsdale were about $231,000. A
summary of estimated damages appears in table 4. The following subparagraphs give

. ;.,;

pertinent information on damages along this reach.

a. Damages to residential property. About six homes above the Arizona Canal were
flooded. The water depth ranged from 1 to 2 feet. Muddy waters with a depth of a few
inches flooded the inside of some homes damaging carpets and contents. Residential
damages were about $29,000.

b. Damages to public property. Damages in this category was the cost of the removal
of debris and silt by the City of Scottsdale. The flood damages to public property were
about $1,000.

c. Damages to parks and recreation areas. A golf course in the wash north of Indian
Bend Road was flooded by muddy waters ranging from 1 to 4 feet in depth. The turf in the
fairway was damaged and silt was deposited in the lakes on the course. Total estimated
damages are $152,000.

Floodwaters inundated the golf course above the Arizona Canal and overtopped the
flood gates and spillway on the canal.

15



d. Damages to agricultural property. Five ranches above the Arizona Canal were
damaged when floodwaters ranging in depth from 1 to 2 feet deposited silt and debris on
the land. A horse- riding ranch south of Indian Bend Road was covered with silt and debris.
The total damages to agricultural property were about $29,000.

Horses wade through knee-deep floodwaters on a farm near Arizona Canal and Pima
Road.

e. Damages to streets, roads, and bridges. Roads damaged during the flood were
Scottsdale and Indian Bend Roads. Silt had to be removed and the pavement repaired. The
total damages, including loss caused by delay and extra traveling, were about $20,000.

16



25. LOWER INDIAN BEND WASH (ARIZONA CANAL TO McKELLIPS ROAD IN THE
CITY OF SCOTTSDALE). The flooded area in this rooch, amounting to 1,000 acres, is
depicted on pI. 9 and 10. Flooding occurred when the floodwaters overtopped the spillway
of the Arizona Canal and the canal banks, causing numerous breaks in the southern part of
the canal.

Floodwaters escaping through breaks in the south bank of the Arizona Canal
damaged a farm below the canal.

The average depth of water in the flooded areas ranged from 3 to 5 feet with velocities
ranging from 4 to 7 f.p.s. The damages to a greenbelt area, two parks. and three golf courses
were about $135,000. The total damages were about $1,087,000. A summary of estimated
damages appears in table 4. In addition, the floodwaters claimed a life when a 30-year-old
man drowned while swimming in the wash south of Chaparral Road. The following
subparagraphs give pertinent information on damages along this reach.

17



~:.~: ~;,:. _:; ~:'~.,*, .-. a. Damages to residential property. Damages to residential property occurred when
the floodwaters exceeded the capacity of the wash at 78th Street and inundated areas north
of Osborn Road and Thomas Road. Floodwaters in this area damaged 128 homes ranging in
value from $25,000 to $35,000. The water depth in the homes ranged from a few inches to
over 2 feet. About 30 homes south of McDowell Road were also inundated. Although these
homes had been condemned and relocation was in progress, many of the homes were still
occupied. When the flood occurred, these residents had to be rescued. A few other houses
scattered along the wash sustained damages. In summary, about 160 homes sustained flood
damages. Included under this category also are the funds expended by the American Red
Cross and the Arizona National Guard for the care and rescue of the flood victims during
the flood, particu larly the flood victims south of McDowell Road. The total damages to
residential property were about $211,000.

,

~i<\l~
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Persons on Osborn Rd. view the damages caus~d by floodwaters from Indian Bend
Wash which inundated a farm and several homes in the area.

18



Floodw3ters from Indian Bend Wash inundated homes, yards, and streets to the left
of Thomas Road.

Roofs of these condemned homes became islands when Indian Bend Wash flooded
west of McDowell Road.

19
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b. Damages to commercial property. Floodwaters exceeded the capacity of the wash
and inundated and deposited debris and silt on the grounds of two gas stations, a pizza
parlor, and a drive-in on the corner of Hayden Road and Indian School Road. Water depths
at the above location ranged from 6 inches to 2 feet. Floodwaters also exceeded the
capacity of the wash at McDowell Road, damaging landscaping and contents of a used car
dealership, an electrical contractor shop, a cocktail bar, and a trailer sales establishment.
Also a gas station on McDowell Road has silt deposited on the grounds. Water depths here
ranged from 8 inches to 1-1/2 feet. Above McKellips Road at Pierce Street, a plating
business was physically damaged and a restaurant suffered business losses. In summary,
11 commercial establishments were damaged in the amount of about $186,000, of which
$169,000 were business losses and emergency costs.

Commercial establishments on McDowell Road in Indian Bend Wash were flooded.

20



c. Damages to public property. Public property in this reach sustained more damage
than any other type of property. Saguaro High School and Pueblo Elementary School
sustained damages to landscaping and contents in the amount of $85,000. The outside water
depth was about 1- 1/2 feet; the water depth inside the buildings ranged from 4 to 8 inches.

These breaks in the Arizona Canal enabled floodwaters to damage an elementary
school, a high school, and some farmland.

21



d. Damages to parks and recreation areas. A subdivision golf course on Indian School
Road was inundated. In a greenbelt area, the flood damaged one golf course on Chaparral
Road, two golf courses south of Thomas Road, a park on Oak Street, and another park on
Roosevelt Road; damages consisted of silt deposition on the grounds and damages to the
landscape. Water depth ranged from 3 to 5 feet with velocities ranging from 4 to 7 f.p.s.
Total estimated damages to the greenbelt area were S135,000.
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Floodwaters in Indian Bend Wash forced these residents below McDowell Rd. to
seek safety on the car and the roof of the house.

Two water wells on Indian School Road and on Thomas Road were also damaged. As a
result of the deposition of debris and silt, the City of Scottsdale was required to undertake a
cleanup program, resulting in expenditures of $20,000. The speciai floodfighting efforts and
rescue mission by the City of Scottsdale, the U.S. Air Force Rescue Squad, and Luke Air
Force Base minimized the flood damages. The total damages to public property were about
$192,000.

22



F;oodwaters over 4 feet deep make the trees in EI Dorado Park at Oak Street look
!i ,e shrubs.
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;",other view of EI Dorado Park looking north from Me Dowell Road.
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e. Damages to agricultural property. Several farms were flooded. At the intersection
of the Arizona Canal and Indian Bend Wash, dairy farm equipment and contents
downstream from the south bank of the canal were inundated to a depth of about
3-1/2 feet. Floodwaters ranging in depth from 2 to 4 feet also damaged the contents of two
farms east of the Arizona Canal between I ndian School Road and McDonald Road. Other
flooded farms include three farms east of the canal near McDonald Road (cleanup of silt
deposition); a farm south of the canal next to the Pueblo Elementar-y School (damage to
contents); one at Camelback Road (cleanup of silt deposition); one at Indian School Road
(damage to contents); and two farms near Thomas Road (cleanup of silt deposition). The
estimated flood damages for these 11 farms amounted to $87,000.

At the intersection of the Arizona Canal and Indian Bend Wash floodwaters
damaged agricultural property and a dairy farm.

24



f. Damages to streets, roads, and bridges. Floodwaters damaged the pavement and
deposited silt in following streets and roads that cross Indian Bend Wash: Camelback Road,
Indian School Road, Osborn Road, Thomas Road, Oak Street, McDowell Road, Roosevelt
Street, and McKellips Road. Other roads damaged were Hayden and Miller Roads. Many
people experienced delays and extra traveling as a result of such physical damage. The total
damages to streets, roads, and bridges were about $180,000.

g. Damages to utilities. Damage occurred to the contents of an electrical installation
plant between Chaparral Road and McDonald Drive, the electrical distribution system, and
the telephone system. Interruption in services was sl ight due to the flood-preventive efforts
of utility companies. The total damages to utilities were about $29,000.

h. Damages to stream channels. Silt and debris were deposited along the lower Indian
Bend Wash. Land along the banks was lost due to the erosive velocity of floodwaters within
the wash. The total damages to stream channels were about $32,000.

i. Damages to irrigation works. The floodwaters overtopped the Arizona Canal where
it intersects Indian Bend Wash, causing numerous breaks east of the wash on the south bank
of the canal. The spillway at this intersection was also overtopped. Repairs to the Arizona
Canal consisted of restoring the various washouts; rebuilding the roads and bank; and
redigging and leveling the pump ditch. The total damages to the irrigation works were about
S35,000.

26. LOWER INDIAN BEND WASH (McKELLIPS ROAD TO THE SALT RIVER IN THE
CITY OF TEMPE). The flooded area in this reach is shown on pI. 10 and amounts to
450 acres. The floodwaters exceeded the capacity of the wash, damaging properties along
and adjacent to the wash. The water depth ranged from 1/2 to 3 feet outside and from a few
inches to 2 feet inside the structures. Commercial property sustained the most, severe
damages - about $247,000. The total damages in all categories were about $372,000. A
summary of estimated damages appears in table 4. The following subparagraphs give
pertinent information on the damages in this reach.

a. Damages to residential property. Residential property was damaged when
floodwaters exceeded the capacity of the wash in the general area bounded on the north by
McKellips Road, on the south by Princess Drive, on the west by Scottsdale Road, and on the
east by Miller Road. Damages occurred to 52 homes when floodwaters ranging in depth
from a few inches to 2 feet entered the homes and damaged carpets and contents. The depth
of the floodwater inside the homes ranged from a few inches to a foot. Many houses whose
foundations were about 1 foot above ground level suffered only yard damages. The value of
the houses ranged from $10,000 to $20,000. Included in the damages in this category are
the funds expended by the Arizona National Guard for the care and rescue of the flood
victims during the flood. The total damages to residential property were about $48,000.
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These homes near Princess Drive i" Tempe were inundated.

b. Damages to commercial Droperty. Floodwaters damaged numerous commercial
businesses on Princess Drive, Scot:sdale Road, and Hayden Road. Some businesses sustained
damages to contents but most of the drainages resulted from cleanup operation. The
businesses included auto shops, ::Joating shops, printing shops, a welding shop, a supply
store, a paving company, a concr~te supply company, a nightclub, a radio station, a race
track, a salvage yard, and the Big Surf, a recreation center for surfers. The floodwater depth
ranged from 1/2 to 2 feet outside and from a few inches to 1 foot inside the structures. A
total of 39 commercial businesses were affected by the floodwaters in this reach. The total
damages to commercial property \\ere about S247,000.

c. Damages to industrial property. Most of the flood-damaged industrial property was
along Scottsdale Road and Princess Drive north of the Salt River. The industrial properties
included construction companies end manufacturers of plastics, springs, sheet metals, stakes,
and electronic parts. The floodwater depth ranged from 1/2 to 2 feet. The depth of
floodwaters in the structures ranged from a few inches to 1 foot. A total of 14 industrial
businesses sustained flood damages to equ ipment and yards in the amount of about
S68,000.
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.";'." .; d. Damages to public property. Flood damages in this category were relatively minor.
The property damaged consisted of a pet mortuary that had damages to contents and an
animal shelter on Scottsdale Road that had silt and debris deposited on the parking lot. The
total damages to public property were about 54,000.

e. Damages to agricultural property. Floodwaters inundated two ranches next to the
wash south of McKellips Road, damaging corrals, pens, and storage areas and depositing silt
and debris. The fence and yard of a greyhound ranch on Scottsdale Road south of Princess
Drive were also damaged. These three agricultural units had flood damages of about $2,000.

Indian Bend Wash was converted into a smooth plain of water damaging a farm neat
McKellips Road.

f. Damages to stream channels. Damages in this category included the deposition of
siit and debris along the wash and the loss of land due to erosion. The total damages to
stream channels were about 53,000.
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TABLE 4

SUMMARY OF FLOOD DAMAGES FROM THE 22 JUNE 1972 FLOOD ALONG

INDIAN BEND WASH

..
Upper Indian Bend Wash Lower Indian Bend Wash

Paradise City of City of City of
Valley Scottsdale Scottsdale Tempe

Area of flooding (2,350 ac.) (850 ac.) (1,000.ac.) (450 ac.)
Type of property·

Residential:
Physical damage $167,000 S 26,000 $ 174,000 $ 37,000
Business loss
and emergency cost 17,000 3,000 37,000 11,000

Commercial:
Physical damage 17,000 148,000
Business loss
and emergency cost 169,000 99,000

Industrial:
Physical damage 53,000
Business loss

and emergency cost 15,000

Public:
Physical damage 1,000 1,000 125,000 3,000
Business loss
and emergency cost 3,000 0 67,000 1,000

Parks and recreation areas:
Physical damage 1,000 150,000 84,000
Business loss
and emergency cost 14,000 2,000 51,000

Agricultural:
;,..

.~~~~~~ Physical damage 2,000 17,000 73,000 1,000
Business loss

and emergency cost 1,000 12,000 14,000 1,000

Streets, roads, and bridges:
Physical damage 3,000 4,000 36,000
Business loss
and emergency cost 1,000 16,000 144,000

Utilities:
Physical damage 32,000 26,000
Business loss
and emergency cost 8,000 3,000

Stream channels:
Physical damage 30,000 2,000 .-
Business loss

and emergency cost 2,000 1,000

Irrigation works:
Physical damage 32,000
Business loss
and emergency cost 3,000

Subtotal, physical damage 206,000 198,000 597,000 244,000
Subtotal, business loss

and emergency cost 44,000 33,000 490,000 128,000

Total S250,000 S231 ,000 $1,087,000 $372,000
Grand Total - Upper and lower 28Indian Bend Wash· $1,940,000



.. :.

27. ARIZONA CANAL. Flooding occurred along and below the Arizona Canal. For the
purposes of this report, the area above the Arizona Canal is divided into two reaches the
Scottsdale area, from the Indian Bend Wash intersection to 64th Street, and the Phoenix
area, from 64th Street to Cave Creek. The area below the canal is discussed in the section
titled "Breaks in the Arizona CanaL"

28. A R I ZO NA CANAL (Indian Bend Wash intersection to 64th Street in
Scottsdale). This reach is about 4 miles long. Floodwaters from Indian Bend Wash flowed
towards and alongside the Arizona Canal causing flood damages above the canal. Water
ponded along the canal with depths of 1-1/2 to 3-1/2 feet. The flooded area, amounting to
300 acres, is shown on pI. 11 and 12. The major damages along the Arizona Canal in the
City of Scottsdale accrued to ($804,000) residential property and commercial property
($365,000). Minor flood damages occurred to agricultural property ($6,000); public
property ($4,000); utilities ($5,000); and to streets, roads, and bridges ($3,000). A
summary of the total damages, estimated at $1,187,000, is shown in table 5. The following
subparagraphs give pertinent flood damage information for the major damages in this reach.
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Residential property above the Arizona Canal in the vicinity of 68th Street in Scottsdale also was
damaged by silt deposits.

Commercial property above the Arizona Canal at Scottsdale and Camelback Roads in Scottsdale
was inundated by floodwaters, silt, and debris.



a. Damages to residential property. Residential market values ranged from
S30,000 to S60,OOO. Floodwaters from Indian Bend Wash, which carried large quantities of
debris and slit, damaged carpets and furniture. Outside water depths ranged from 1-1/2 to 3
1/2 feet. The depths of floodwaters inside the damaged properties varied according to the
efforts of the residents to keep the water out. Business losses of about S96,000 consisted of
time loss from work and the cost of temporary lodging. Total residential damages amounted
to about $804,000.

Rowboat navigates Woodmere Fairway when floodwaters 4-feet deep inundated a residential
area above the Arizona Canal north of Camelback Road in Scottsdale.

31



.... :

Muddy waters inundated these homes above the Arizona Canal along La Fayette Blvd. in
Scottsdale.

b. Damages to commercial property. A car agency at Camelback and Scottsdale Roads
was inundated with 2 feet of water.

Car agency at Camelback and Scottsdale Roads in Scottsdale is surrounded by debri3 and
silt-carrying waters that ponded above the Arizona Canal.

32



About 19 commercial establishments sustained flood damages east of Scottsdale Road and
north of Camelback Road. The shopping center at Camelback and Scottsdale Roads also
sustained flood damages.
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Residents wade through hip-high floodwaters that swamped businesses on Scottsdale Road
north of Camelback Road in Scottsdale.

The largest commercial establishment damaged by floodwaters was the Safari Hotel
complex, also at Scottsdale and Camelback Roads. Waters u[) to 3 feet were reported in the
parking lots. Patrons in the hotel restaurant were in waters up to their knees. The estimated
damages to commercial property totaled $365,000.
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Patrons resort to floating their luggage when floodwaters engulfed this hotel on Scottsdale
Road north of Camelback Road in Scottsdale.

/
Automobiles are almost submerged in floodwaters that filled the interior patio of the same
hotel in Scottsdale.
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29. ARIZONA CANAL (64th Street to Cave Creek in Phoenix). This reach, is about
12 miles long, was flooded mostly by the backwater from local runoff ponded along and
above the canal bank. The flooded area along this reach of the Arizona Canal amounting to
500 acres, is shown on pI. 13 through 16. Flood damages in this part of the City of Phoenix
totaled about $608,000. The major damages occurred to residential, commercial, and public
properties as well as irrigation works. Such sustained damages totaled $584,000. Minor
damages occurred to park and recreation areas ($9,000); to. streets, roads, and bridges
($6,000); and to utilities (S9,000). A summary of damages sustained by various types of
property is shown in table 5. The following subparagraphs give pertinent information on the
major flood damages along this part of the canal.

a. Damages to residential property. Homes and properties directly above the canal
were the hardest hit by the flood. Damages occurred mostly to contents and landscaping.
Because local drainage facilities were not sufficient to carry the floodwaters across the canal,
ponding occurred. Outside water depths in the flooded area ranged from 1 to 3 feet.
Business losses of about $60,000 consisted of loss of time, the cost of temporary lodging
and the costs of the American Red Cross for emergency aid to the residents. Damages to
residential properties totaled about $478,000.

Residents wade in and out of home above the Arizona Canal at 13th
Street and Orangewood Avenue in Phoenix.
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Another inundated home at 13th Street and Orangewood Avenue in
Phoenix.

b. Damages to commercial property. Water inundated the basement and the ground
floor of the Arizona Biltmore Hotel north of the Biltmore Golf Course, damaging much of
the operating equipment. I n general, flood damages to commercial establishments were
minimal because fevv commercial areas exist above the canal. Total commercial damages
were estimated at 529,000.

c. Damages to public property. Inclu ded in this category are the emergency costs of
the police department. The total estimated public damages were $15,000.

d. Damages to parks and recreation area. Floodwaters flooded the Granada Park on
20th Street above the Arizona Canal. About 1,000 yards of grass was destroyed and 10 trees
were washed out. The park was closed for about 1 week. Total damages were estimated at
59,000.

e. Damages to streets, roads, and bridges. Floodwaters in streets and roads caused
delays to motorists, and deposited silt In the roadways. The cost of delays, cleanup, and
traffic control was estimated at 56,000.

f. Damages to utilities. Damage;; to utility facilities consisted of flood damages to the
electrical and telephone systems along the canal. Total damages to utilities were about
59,000.

g. Damages to Irrigation works. Floodwaters overtopped the canal banks at various
locations and destroyed levees. Trash accumulated at trash grates and the debris had to be
removed. Damages and emergency cost totaled about $62,000.
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TABLE 5.--;.: ~ ~:::;:

"<: SUMMARY OF FLOOD DAMAGES ABOVE THE ARIZONA CANAL
FROM THE 22 JUNE 1972 FLOOD

City of City of
Scottsdale Phoenix

Area of flooding (300 ac.) (500 ac.)
Type of property

L

Residential:
Physical damage $708,000 $418,000
Business loss and emergency cost 96,000 60,000

Commercial:
Physical damage 288,000 22,000
Business loss and emergency cost 77,000 7,000

Public:
Physical damage 2,000 0
Business loss and emergency cost 2,000 15,000

Parks and recreation areas:
Physica I damage 4,000
Business loss and emergency cost 5,000

Agricultural:
Physical damage 5,000
Business loss and emergency cost 1,000

Streets, roads, and bridges:
Physica I damage 1,000 4,000

~io;~ Business loss and emergency cost 2,000 2,000

Utilities:
Physical damage 1,000 8,000
Business loss and emergency cost 4,000 1,000

Irrigation works:
Physical damage 56,000
Business loss and emergency cost 6,000

Subtotal, physical damage 1,005,000 512,000
Subtotal, business loss and emergency cost 182,000 96,000

Total 1,187,000 608,000

Grand Total $1,795,000
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30. BREAKS IN THE ARIZONA CANAL. Pertinent information on damages due to
breaks on the south bank of the Arizona Canal is given in the following subparagraphs. A
summary of damages is shown in table 6.

a. 23rd Avenue. At the junction of Cave Creek and the Arizona Canal near
23rd Avenue the floodwaters were confined in the creek. Floodwaters went over the
spillway south of the canal, hut caused no reported damage to a ciJrus grove below the
spillway. The waters then flowed to Dunlap Avenue and were diverted into side streets and
storm drains. Very little flooding occurred in this area because it was on the western fringe
of the storm.

~,!,-~.L:~.~;"."'.
...-.;...... 6 ........ _ ....

A view of the junctiQn of Cave Creek
and the Arizona Canal near 23rd
Avenue in Phoenix.

t·
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b. Central Avenue. The Arizona Canal was breached at the southeast corner of the
Central Avenue crossing. (See pI. 15.) The water depth was about 4 feet immediately below
the canal.

Repairs are started on the break in the Arizona Canal's south bank
east of Central Avenue in Phoenix.

The total damages resulting from this break were estimated at $315,000, the flooded area,
amounting to 12 acres, is shown on pI. 15.

(ll Damages to commercial property. A restaurant on Central Avenue was flooded.
The floodwaters, which were about 4 feet deep inside this building, caused total damages to
contents estimated at 599,000. The floodwaters were then channeled into Centra! Avenue
and diverted into side streets and storm drains. No damages were reported to commercial
faci Ii ties or residences south of the restaurant.

(2) Damages to public property. The flood damaged a riding trail along Central
Avenue between Northern Avenue and Bethany Home Road. Also included as damages
under this category are the costs incurred by the fire and police departments for their
assistance to flood victims. Total public damages were estimated at $16,000.

(3) Damages to streets, roads, and bridges. Floodwaters in streets and roads caused
delays to motorists, but only minor physical damages to streets were reported. The costs of
delays detours, and traffic control were estimated at $200,000.
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c. 7th Street. Flooding occurred when floodwaters overtopped the spillway at the
south bank of the Arizona Canal east of 7th Street. Outside water depth was estimated at
1 foot. The flooded area, amounting to 75 acres, is shown on pI. 15. The total flood
damages in the 7th Street area were about S58,000.

An orchard is flooded when floodwaters overtopped the spillway of
the Arizona Canal east of 7th Street in Phoenix.

(1) Damages to residential property. Residential flood --damage was limited to two
homes and one apartment immediately below the canal. Most of the damage to contents was
the resu It of silt deposition. Total damages to residential property were estimated at 56,000.

(2) Damages to agricultural property. The flood damaged an orchard below the
spillway. Damages to this orchard were estimated at about S1 ,000.

(3) Damages to streets, roads, and bridges. Emergency costs under this category
consisted of costs attributed to the control of travel and the delay caused to motorists.
Total damages were estimated at 551,000.

d. 12th Street. This break in the Arizona Canal occurred when floodwaters
overtopped the ievee between Orangewood and Myrtle Avenues at the junction of Dreamy
Draw Wash and the Arizona Canal. The flooded area, amounting to 15 acres, is shown on
pI. 15. Flood damages in this area were not severe because the floodwaters dispersed before
reaching the more densely developed residential area. Outside water depths ranged from a
few inches to 1-1/2 feet. Total estimated damages amounted to S26,000, consisting of
516,000 in damages to 14 residences, $5,000 in damages to public property and 55,000 in
damages to utilities.
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e. 16th Street and 18th Place. Overtopping of the Arizona Cana I at 16th Street was
the major cause of the flood damages south of Glendale Avenue. Floodwaters with an
estimated velocity ranging from 3 to 5 f.p.s. flowed across Lamar and Ocotillo Roads to
Bethany Home Road before spreading out southward to the Grand Canal. Another break
occurred near 18th Place, releasing floodflows that flowed along Ocotillo Road before
crossing 16th Street. Outside water depths ranged from 6 inches to 1-1/2 feet. The flooded
area, amounting to 115 acres, is shown on pI. 14. Flood damag~s resulting from these breaks
were estimated at S82,000.
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Floodwaters and debris gush over the top of the southern bank of the Arizona Canal east of
16th Street in Phoenix.

41



(1) Damages to residential property.
$12,000 to $20,000. The flood inu ndated
$52,000 to contents and landscaping.

Home values in the flooded area ranged from
about 56 homes causing damages estimated at

Residences below the Arizona Canal west of 16th Street in Phoenix
were inundated when floodwaters overtopped the south bank.

(2) Damages to commercial property. A food market on Glendale Avenue south of
the Arizona Canal sustained damages when floodwaters 4 feet deep partially destroyed its
retaining wall and parking lot. A pizza parlor on 16th Street sustained damages to contents.·
The total damages to commercial property were about $20,000.

A Corps of Engineers employee reviews damages resulting from the
16th Street break in the Arizona Canal near Glendale Ave. in
Phoenix.
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~.. {3} Damages to streets, roads, and bridges. Floodwaters in streets and roads caused
delays to motorists, and deposited silt in the roadways. The cost of delays, cleanup, and
traffic control was estimated at $5,000.

(4) Damages to utilities. Damages to utility facilit~esconsistedof flood damages to
the telephone system below the canal. Total damages to utilities were about $5,000.

f. 20th Street. The Arizona Canal overflowed its south bank near 20th Street in
Phoenix. The overtopping which started about 400 feet southeast of Maryland Avenue
extended for about 400 feet along the canal. The floodwaters flowed southwestward and
rapidly spread out and diminished in depth"."The flooded area amounting to 2 acres is shown
on pI. 14. Outside water depths averaged about 6 inches. Total damages in this area accruing
to 10 residences, were about $6,000.

g. 32nd Street and 40th Street. The flooding in this area, amounting to 2,800 acres,
resulted from local runoff caused by the thunderstorms centered at 24th Street and
Camelback Road and from floodwaters gushing from spillways and breaks in the canal.
Floodwaters caused breaks in the south bank of the canal at 30th Street and 40th Street and
overtopped the sp illways at 30th Street, 32nd Street, and 40th Street. (See pI. 19)

Children play in floodwaters that overtopped the Arizona Canal spillway on the south bank
west of 40th Street in Phoenix.
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Floodwaters escape through a break in
the Arizona Canal west of 40th Street
in Phoenix.

The floodwaters combined near 28th Street and Indian School Road, then spread out until
the waters ponded along the Grand Canal. The overflow area of about 5 square miles,
extended from the Arizona Canal on the north to the Grand Canal on the south, and from
40th Street on the east to 12th Street on the west. Camelback Road from 40th Street to
16th Street resembled a river. Outside water depths ranged from 4 feet near the breaks to
1-1/2 to 2 feet near the Grand Canal. The floodwaters wiped out block-wall fences and
caused serious structural damages. Total damages in this area were estimated at $3,768,000,
85 percent of which accrued to residential property.

Floodwaters inundate residences along 38th Place as shown in this
view looking northwest from Camelback Road in Phoenix.
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(1) Damages to residential property. The market values of homes in the overflow
area ranged from $10,000 to $60,000 and up. Outside water depths, which varied according
to the local terrain, averaged 2 to 4 feet. About 2,600 homes and 15 apartment complexes
were flooded. Water depths inside the homes ranged from 1 inch to 2 feet and resulted in
damages to carpets and contents. The apartment complex at 28th Street and Camelback
Road, which had inside water depths of about 4 feet, incurred substantial damages. About
70 automobiles were damaged in the parking lot of the Cascad~sApartments at 35th Street
and Campbell Avenue. The damages ranged from $500 to $4,000 per home. The total
residential damages resulting from the combined breaks amounted to about $3.2 million.

This house east of 32nd Street was severely damaged when
floodwaters overtopped the spillway on the south bank of the
Arizona Canal in Phoen ix.

Homeowner on 38th Street and Camelback Road in Phoenix surveys
damage from floodwaters and debris.
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This family stands disconsolate in knee-deep floodwaters that entered their home at
38th Place and Camelback Road in Phoenix.

(2) Damages to commercial property. Commercial damages occurred throughout
the overflow area. Large commercial complexes are along Camelback Road between
20th Street and 24th Street. Floodwaters estimated at 2,500 c.f.s. with a velocity of 5 f.p.s.
swept through the Biltmore Shopping Center at 24th Street and Camelback Road that
included some of the largest department stores in Phoenix. Outside water depths in the
shopping areas ranged from 6 inches to 2 feet. Damages to contents and landscaping in the
shopping center totaled about $265,000. In addition about 20 stores between
20th to 24th Street on Camelback Road also sustained damages in the amount of about
$51,000. Total commercial damages resulting from the breaks were estimated at 5316,000.

(3) Damages to public property. The Camelback High School at 28th Street and
Campbell Avenue was damaged when floodwaters 5 inches to 1-1/2 feet deep entered the
buildings and damaged carpets and contents. A Iso included in this category are the costs
incurred by the fire and police departments for their assistance to flood victims. The total
damages to public property were about 517,000.
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c. 7th Street. Floodwaters overtopped the Grand Canal eastward about a quarter of a
mile from 7th Street. The flood dug many small trenchs ranging from 1/2 to 1 foot in
depth in the bank of the canal. Water depths rcmged from 5 feet i~mediately below the
canal bank to 1/2 foot at 7th Street and Renonshire Avenue. The flooded area amounted to
50 acres. The velocity of the floodflow which was high - over 5 f.p.s. - just below the bank
decreased as the water flowed southward. Total damages in this area were about $233,000.

(1) Damages to residential property. The flood damaged the contents of
117 ground floor apartments along Roma and Turney Avenues. Total damages were about
$162,000.

(2) Damages to commercial property. Fourteen stores on the east side of 7th Street
were damaged by floodwaters. Building stones from a quarry below the canal were carried
down 7th Street by the flood and posed a hazard to people trying to evacuate. Fortunately
no one was injured. The total damages to commercial property were about $13,000.

(3) Damages to public property. No public property in this reach was damaged.
Included in emergency cost under this category is the cost incurred by the police and fire
department for their assistance to flood victims. Damages in this category totaled about
$7,000.

(4) Damages to streets, roads, and bridges. No physical dam&ges occurred to streets,
although the flood did deposit silt on the roadways. Included in emergency cost is the cost
for traffic control and for traffic delays. Total damages were 551,000.

d. Longview Avenue. Damages totaling about $15,000 occurred when floodwaters
overtopped the bank of the Grand Canal between Longview Avenue and 13th Place. The
depth of the water averaged about 1 foot and covered an area of 70 acres.

(1) Damages to residential property. Five residences accrued damages estimated at
$7,000.

(2) Damages to public property. The North Phoenix High School was damaged
when water 1 inch deep entered one of the buildings and damaged the carpet. The outside
water depth was about 1-1/2 feet. Total damages to public property were about $8,000.

53



.......................,.:;:, ..."•................ ; ...,...;.; .....

.:;~~:~~:;.~. ~.:~~-;.~.

~~;~.- .... ,;:-;:~:... :_.(

TABLE 7

SUMMARY OF FLOOD DAMAGES ALONG THE GRAND CANAL
AND RESULTING FROM BREAKS IN THE CANAL

FROM 22 JUNE 1972 FLOOD

Breaks in the Grand Canal
Grand Canal Longview

in Phoenix 12th Ave. Central Ave. 7th St. Ave.
Areas of flooding (350 ac.) (60 ac.l (140 ac.) (50 ac.) (70 ac.)
Tvpe of property IResidential: ,

Physical damage $1,036,000 5132,000 S130,OOO 5149,000 56,000
Business loss
and emergency cost 118,000 10,000 10,000 13,000 1,000

Commercial:
'}~: ,'.;.

Physical damage 365,000 11,000 11,000., ..
!1'''' '. --.: .~""'~. Business loss

and emeregency cost 76,000 2,000 2,000

Public:
Physical damage 15,000 65,000 0 6,000
Business loss
and emergency cost 13,000 42,000 7,000 2,000

Parks and recreation areas:
Physical damage 7,000
Business loss
and emergency cost 1,000

Streets, roads, and brides:
Physical damage 0 0

~~e:
Business loss
and emergency. cost 201,000 51,000

Utilities:
Physical damage 4,000
Business loss
and emergency cost 1,000

Irrigation work:
. ~ . ~ .•._.; ..~ Physical damage 75,000

Business loss
and emergency cost 6,000

Subtotal, physical damage 1,502,000 132,000 206,000 160,000 12,000

Subtotal, business loss
and emergency cost 215,000 10,000 255.000 73,000 3,000

Total 1,717,000 142.000 461,000 233.000 15,000

Grand Total $2,568,000
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34. SUMMARY OF DAMAGES FROM 22 JUNE 1972 FLOOD. The flooding along
Indian Bend Wash, the Arizona Canal, and the Grand Canal and resulting from breaks in the
Arizona and Grand Canals caused damages in the Phoenix metropolitan area totaling an
estimated $10,558,000. The greatest damage resulted from the breaks in the Arizona Canal.
Of these breaks, the ones at 32nd Street and 40th Street were responsible for the most
damages - $3,768,000. Although the flood imperiled hundreds of lives and inconveniened
thousands of people, only one life was lost. The following table summarizes the flood
damages to the various types of property in the Phoenix metropolitan area:

TABLE 8

SUMMARY OF FLOOD DAMAGES FROM 22 JUNE 1972 FLOOD
IN THE PHOENIX METROPOLITAN AREA, ARIZONA

Damages
Physical Business Loss

Type of property damages and emergency Total
cost

Residential $5,808,000 $834,000 $6,642,000
Commercial 1,183,000 546,000 1,729,000
Industrial 53,000 15,000 68,000
Public 233,000 175,000 408,000
Parks and recreation areas 249,000 74,000 323,000
Agricultural 99,000 29,000 128,000
Streets, roads, and bridges 52,000 869,000 921,000
Utilities 103,000 23,000 126,000
Stream channels 32,000 3,000 35,000
Irrigation works 163,000 15,000 178,000

TOTAL . $7,975,000 $2,583,000 $10,558,000
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DAMAGES THAT WOULD HAVE BEEN PREVENTED
BY CORPS OF ENGINEERS PROJECTS AUTHORIZED

BUT NOT YET CONSTRUCTED

35. GENERAL. Two authorized flood control projects not yet constructed, would have
provided flood protection during the flood of 22 June 1972 if they had been built.
Pertinent information on these projects is given in the following subparagraphs.

. a. Indian Bend Wash. The authorized project for Indian Bend Wash provides for a
concrete- lined channel about 7 miles long, starting at the Arizona Canal and extending
southward to the Salt River; and two earth levees upstream from the Arizona Canal to
collect and direct the floodwaters towards the channel. If the project had been constructed
at the time of the 1972 flood, floodwaters would have been contained downstream from
Arizona Canal and floodflows from Indian Bend Wash would not have flooded along
Arizona Canal. Flood damages estimated at about $1,400,000 along Indian Bend Wash and
flood damages of about $1,200,000 along the Arizona Canal, a total of $2,600,000 would
have been prevented.

b. Gila River Basin, New River and Phoenix City streams, Arizona. The authorized
project provides for four detention basins, one each on Dreamy Draw, Cave Creek, unnamed
tributary of Skunk Creek, and the New River; the Union Hills and the Arizona Canal
diversion channels; and channel improvements for Dreamy Draw, Cave Creek, Skunk Creek,
the New River, and the Agua Fria River. For the purposes of this report, Dreamy Draw
Dam, which is presently under construction, will be discussed separately from the remainder
of the project, which is in the planning stage.

(1) Dreamy Draw Dam (under construction). The plan provides for a compacted,
earthfill dam south of Northern Avenue and about 1 mile east of 16th Street to provide
storage for flood control only. Construction of the dam was initiated in October 1972. At
spillway crest, elevation 1,405, the reservoir would have a gross capacity of 317 acre-feet,
including 36 acre-feet for sediment storage. The reservoir would regulate the standard
project flood (reservoir-design flood) from a peak inflow of 3,600 c.f.s. to a maximum
outflow of 196 c.f.s. The completed project will provide protection against floods for an
overflow area of about 1,749 acres in the City of Phoenix. The estimated Federal first cost
for Dreamy Draw Dam is $490,000 (1972) and the estimated total non-Federal first cost is
$192,000(1972). If the project had been constructed at the time of the 1972 flood, it
would have prevented flood damages estimated at about $26,000, along the Dreamy Draw
Wash.

(2) Remainder of the project (planning stage). The plan provides for controlling
floodflows in each respective drainage area; for diverting residual flows in Cave Creek and
several small washes to Skunk Creek; and for improving Skunk Creek, the New River, and
the Agua Fria River to carry the residual flows to an adequate point of disposal in the Gila
River. The project would protect an overflow area of about 40,800 acres in the cities of
Phoenix, Peoria, and Avondale and unincorporated areas. The estimated Federal first cost
for the total project including Dreamy Draw is $92,400,000 (1972), and the estimated total
non-Federal first cost is $20,400,000 (1972). The Arizona Canal diversion channel,
upstream and generally parallel to the Arizona Canal is the only unit of this group that
would have significantly affected the flood situation. The project, if it had been constructed
prior to the 1972 flood, would have prevented flood damages above and below the Arizona
Canal estimated at about $400,000.
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36. DAMAGES THAT WOULD HAVE BEEN PREVENTED BY GRANITE REEF
AQUEDUCT (PARADISE REACH) ON THE CENTRAL ARIZONA PROJECT. The
project would extend across Paradise Valley (see pI. 2) and provide for a detention levee to
collect and hold floodwaters from the above drainage area. During the 21-22 June 1972
storm, the project if completed, would have collected the runo.ff from rainfall that averaged
about 1-inch in intensity. This rainfall had little influence on the peak discharge along
Indian Bend Wash at the Arizona Canal. This project, therefore, would have done little to
prevent the flood drainage that occurred. The project would have had lesser influence on the
flood situation - resulting from flows along and downstream from the Arizona and Grand
Canals.

BIBLIOGRAPHY

37. The following data have been collected and are on file at the Corps of Engineers, Los
Angeles District Office: newspaper accounts of the floods; plates and tables concerning
high-water marks, and flood outlines; a U.S. Geological Survey report on the flood; a
Channel 12 TV news film of the flood; and a photographic record of all areas of major flood
damage.
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STORM DRAINAGE AND FLOOD CONTROL STUDY
SOUTHEASTERN MARICOPA COUNTY

INTROD UCTIO N

This stonn drainage and flood control study of southeastern JlAariCopa County has been
prepared to bring into focus the problems related to storm runoff and the needs for measures
to control this runoff under conditions of present development and in anticipation of projected
future development in this area.

There have been a number of previous studies and investigations related to the control of
stonn runoff in this area. The Flood Control District of N\aricopa County has sponsored the
development of projects by federal agencies and has made overall studies of the areals
problems and recommended solutions.

There has been considerable progress toward the solution of the major problems in the
area. Federally assisted projects have been installed and other projects have been approved
for construction and could be installed within the next several years which would provide
protection to the major developed areas from potentially disastrous floods.

It is the objective of the present study to evaluate previous studies, make additional
investigations and recommend a program for the solution of the storm runoff problems in this
area.

The development of concepts for additional projects within the study area is based
generally upon available information. The intensity of planning has been limited to that
required to determine the engineering feasibility of the concepts and to determine approximate
dimensions of the costs for alternatives that would provide solutions to the storm runoff problems.
A hydrologic analysis was made for the area west of the Roosevelt Water Conservation District
Canal in accordance with procedures and criteria used by the Soil Conservation Service in
fonnu lating their PubIic law 566 watershed projects in the area.

These additional projects have been formulated to include structural measures with capacities
to contain the estimated lOO-year return period peak flood flows. These capacities are intended
to approximate those that would be provided in flood control projects designed and installed
with federal agency assistance. Structural measures with smaller capacities may be installed
to provide protection against the more frequently occurring floods as an interim measure or as
a necessary expedient •

DESCRIPTION OF THE STUDY AREA

The study area generally includes the drainage area bounded on the east by the Superstition
Mountains; on the north by the Salt River drainage area boundary; on the west by the extent
of the area draining into the Gila Drain; and on the south by Queen Creek and the Gila River.

ThE: major portion of the area is in agricultural use and even though urban development is
rapidly expanding much of the area will remain in agriculture
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for the foreseeable future. The principal cities and towns in the area are

Mesa, Chandler and Gilbert with Tempe progressively expanding into the area.

Irrigation water supply for agriculture is provided by the Salt River

Project, the Roosevelt Water Conservation District, the Queen Creek Irrigation

District and the Chandler Heights Citrus Irrigation District. The Salt River

Project provides the major source of irrigation water supply within the area,

including all irrigated agricultural lands to the west and to Eastern Canal on

the east~ Other major Salt River Project canals in the area are the Consolidated

Canal located west of the Eastern Canal, Tempe Canal which is the dividing line

between the cities of Tempe and Mesa, and Western Canal which runs in an east

west direction from the Consolidated Canal through the north edge of Gilbert to

discharge into the Gila Drain.

The Roosevelt Water Conservation District Canal is located east of the

Eastern Canal and provides irrigation water supply to an area east of that

served by the Salt River Project.

The Queen Creek Irrigation District is comprised of lands located adjacent

to Queen Creek above the Consolidated and Eastern Canals. The Chandler Heights

Citrus Irrigation District provides irrigation water supply to the area in the

vicinity of Chandler Heights. Both of these irrigation districts obtain their

water supply from wells.

The total drainage area above the Roosevelt Water Conservation District

Canal and the considered f100dway through the Gila Indian Reservation, including

the Queen Creek arainage area, is 759 square miles. The additional drainage area

below the Roosevelt Water CO~'3ervation District canal, which drains into the Gila

Drain on the west side of the study area, is 244 square miles.

2·



The estimated present population in southeastern Maricop'a County, including

the City of Tempe, is in excess of 200,000 •. It is pr.ojected that the population

in this area will increase to about 600 ~OOO by the year 1990.
.

The cities of

Tempe and Mesa have populations of 85,000 and 80,250, respectively, at the

present time.

The storm drainage and flood problems in this area have become progressively

more serious as urban development has expanded. This is due to the reduced

infiltration rates that result from urban development as compared to agricultural

use of the land and the concentrations of runoff into larger channelized flows,

which increase the potential for damages. Such development as the Superstition

Freeway which requires concentrations of storm runoff for freeway crossings

typify this problem.

During the period 1910 through 1971 a total of 38 floods have been reported.

Many of these storms, which caused relatively minor damages in the past under

conditions of agricultural land use, would cause much greater damages under

present conditions of urban development, because of the larger amounts of runoff

that would occur and the greater damage potential. This condition will become

progressively more serious as urban development continues to expand.

The runoff from the drainage areas above the irrLgation water supply canals

is intercepted by these canals. When the intercepted runoff exceeds the limited

capacit~es of these canals, they are breached and the large flows cause damages

to the lower lands and cause breaching of the lower canals. Surface runoff into

the canals also causes large maintenance costs to remove debris accumulation.

. The most vulnerable of these canals is the Roosevelt Water Conservation

District Canal which has the largest drainage area above it. In order to protect

the canal from damages caused by runoff, the District has constructed an

.~.-'



interception floodway above the canal which they have eal.arged progressively over

the years. At the present time the floodway does not have adequate capacity to

contain a major flood and there is no controlled outlet for the accumulated flows.

The Eastern and Consolidated canals have similar problems to those of the

Roosevelt Water Conservation District canal, even though the drainage areas above

them are smaller. They have some intercepting floodway capacities above them

which are inadequate for major floods and there are no controlled outlets for

this intercepted runoff. In the event that the Rooseve1t Water Conservation

District Canal was breach~d, the Eastern and Consolidated Canals would be severely

damaged by the released flow.
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PROJECTS PLANNED FOR INSTALLATION

The Soil Conservation Service has prepared three watershed work plans under

provisions of Public Law 566~ as amended~ to control the ~lood floWs from the

east to the Roosevelt Water Conservation District Canal. These work plans

include floodwater retarding structures, diversion structures and floodways to

provide protection against the 100-year return period flood. All of these work

plans have been approved for construction and are currently being amended to

provide additional capacities in a floodway adjacent to and above the Roosevelt

Water Conservation District Canal and to provide an outlet for the floodway

through the Gila Indian Reservation to the Gila River.

The floodwater retarding and diversion structures are generally located

immediately above the alignment for the Central Arizona Project Canal anticipated

to be installed within the next 10 years. These measures will provide protection

to this canal from flood and debris damages.

Some of the structural measures included in these work plans have been

installed and the remaining measures may be installed when provisions are made

to meet other costs than those that are funded under provisions of Public Law

566 and as Public Law 566 funds are available.

These structural measures are included in the following Public Law 566

watershed projects:

Buckhorn-Mesa Watershed Project. This project includes floodwater retarding

structures, a diversion and floodways as tabulated on Table 1 These

measures will provide for the diversion and retarding of flood flows above
alignment

the Central Arizona Project Canal/from the Salt River to Apache Trail.

The present plan provides for the diversion of the controlled flows into

the Salt River. It is anticipated that the plan will be revised to divert



TABLE 1
ESTIMATED INSTALLATION COSTS

BUCKHORN - MESA P.L.566 PROJECT '.

TOTAL REMAINING
P.L.566 OTHERlROJECT MEASURES

Floodwater Retarding
Structures:

Spook Hill
Signal B~tte
Apache Junction
Pass Mountain

Bulldog Diversion
Floodways:

Spook Hill
Signal Butte
Apache Junction
Pass Mountain·~ 13/
RWCD- Hwy • to Brown Rd.-

P.L.566

974 4001/, 3/
486,00Oj/
474, 2°03/
245,00Oj/
124,80~

1/
723,2°03/
513,6°03/
326,000)/
l48,20~

150" 000

4,165,400

OTHER

2/
1,759,5°04/

148,°°05/
156,8°06/° 36,80oZ/

8/
168,3°09/
142,5°010/

3,5°011/
9,60~

750,00011/

3,175,000

PROJECT COSTS - (DOLLARS)
MEASURES INSTALLED

p. L. 566 . OTHER

1/
974,4°03/
486,°°03/
474,2°03/
245,000)/
124,80~

1/
723,2°03/
513, 6°03/
326,000)/
148,20~

150,000

4,165,400

. . . 2/
1,759,5°04/

148,°°05/
156,8°06/

° 36,8001/

. 8/
168,3°09/
142,5°010/

3, 50OU/
9,60~

750.00011/

3,175,000
0-

J/
1/

1/
!!/
)./
2./
1/
]/

2/
10/
.il/
JJJ
11/

1963 Prices x 1.2 (inf. factor)
1963 Prices x 1.5 (inf. factor): 3 bridges - $45,000 (total); relocate transmission line - $7,500; serverance 
$15,000; 449 ac. land @ $3,750 - $1,683,000; and admin. contracts - $9,000.
1963 Prices x 1.2 (inf. factor) - Revised plan and costs.
185 acres state land @ $800 per acre (assumed); no road crossings or utility relocations.
196 acres state land @ $800 per acre (assumed); no road crossings or utility relocations.
70 acres land in Usury Park required; no road crossings or utility relocations.
46 acres state land @ $800 per acre (assumed); no road crossings or utility relocations.
1963 prices x 1.5 (inf. factor): 1 bridge - $21,000; 41 ac. land @ $3,400 - $139,500; R/W for debris basin 7.9 aCt -
$600 (total); and admin. of contracts - $7,200. .
1963 prices x 1.5 (inf. factor): 2 bridges - $33,750; 29 acres land @ $3,750 - $108,750.
Wilson road crossing ~ $2,100; 3 ac. state land @ $2,400 (assumed).
Ro~p crossing - $2,100; 2 ac. state land @ $800 - $1,600; and 2 ac. private land· - @ $2,950 - $5,90~ •
Land for R/W - $150,000; and.two bridges - $600,000.
Supplemental Work Plan now being prepared to extend the RWCD F100dway from Hwy. 80 to Brown Road and to relocate
three of the floodwater retarding structures onto State and Federal lands. The Bureau of Reclamation has made a
tentative commitment to participate in the purchase of rights~of-way to the extent that the project benefltsthe
Central Arizona Project.



these flows into Orme Reservoir, which will be caastructed as an element

of the Central Arizona Project. The work plan is a1so being amended to

extend the Roosevelt Water Conservation District floodway from Apache Trail

to Brown Road. The estimated installation costs as shown on Table I

include ·.the costs for extending the floodway. None of these measures have

been installed.

Apache Junction-Gilbert Watershed Project. This project provides for the

control of flood flows above the Central Arizona Project Canal alignment

from Apache Trail to Ray Road. It includes a floodwater retarding struc

ture and a f100dway to discharge the controlled flaws from this structure

and the floodwater retarding structures included in the Williams-Chandler

Watershed Project to the Roosevelt Water Conservation District floodway.

It also includes the enlargement of the existing Roosevelt Water Conserva

tion District floodway to provide capacities for ttte estimated IOO-year

return period flood from Apache Trail to Ray Road.

The floodwater retarding structure and the floodway from this structure

to the Roosevelt Water Conservation District floo~y have been installed.

The enlargement of the Roosevelt Water Conservation District floodway

remains to be done. Table 2 shows the costs of the structural measures

that have been installed and the estimated costs to enlarge the Roosevelt

Water Conservation District f1oodway.

Williams-Chandler Watershed Project. This project provides for the control

of flood flows above the Central Arizona Project Canal alignment from Ray

Road to the boundary of the drainage area into Queen Creek. It includes

two floodwater retarding structures which discharge their controlled flood

flows through the floodway included in the Apache Junction-Gilbert Watershed

7



TABLE 2
ESTIMATED INSTALLATION COSTS

APACHE JUNCTION - GILBERT P.L.566 PROJECT

P.L.566
1,498,000

lROJECT MEASURES
Power11ne. FWR Structure
Diversion Structure & F~.oodway

(Actual value. of donated state land)

TOTAL
OTHER

31,210

PROJECT COSTS - (DOLLARS)
MEASURES INSTALLED

P.L.566 OTHER /
1 498 000 31.21nl, , • v-

(798.000)

REMAINING
P.L.566 OTHER

Floodways:
RWCD - Apache Trail to Ray Road

1/ Actual Costs Incurred

500,000

1,998,000

!!
1,400,000
1,431,210 1,498,000 31,210

500,000

509,000

1,400,000
1,400,000

rn 1./. 7 b·f~ges @ $1 O~,COO =$700,000; 233 acres land@ $3,000 =$700,000



Project to the Roosevelt Water Conservation District floodway. It also

includes the enlargement of the existing Roosevelt Water Conservation

District floodway to contain the estimated IOO-year return period flood

flows from Ray Road to t~e j unction with Queen Creek. The work plan for

this 'proj ect is being amended to provide an outlet for the Roosevelt Water

Conservation District floodway from the junction with Queen Creek through

the Gila Indian Reservation to the Gila River.

The floodwater retarding reservoirs have been installed. The enlarge

ment of the Roosevelt Water Conservation District floodway remains to be

done. Table 3 shows the costs of the structural measures that have

been installed and the estimated cost to enlarge the Roosevelt Water

Conservation District floodway and provide an outlet to the Gila River.

The Corps of Engineers has planned and installed iIlitlow Dam and Reservoir

on Queen Creek above its junction with Whitlow Canyon. This reservoir controls

the flood flows from the major portion of the Queen Creek watershed.

An application for assistance under provisions of Public Law 566 was made

to the Soil Conservation Service for a watershed project to provide additional

control of floods from the Queen Creek watershed and the drainage area west of

the Roosevelt Water Conservation District Canal which drains into the Gila Drain"

which passes through the Gila Indian Reservation to the Gila River on the south

west side of the study area. The application was approved for planning to

,include the Queen Creek watershed only. Approval for planning the area for

which the runoff discharges through the Gila Drain was withheld on the basis that

the land use of a major portion of this area would change from agricultural use

to urban use in thetelatively near future. This would require a higher degree

of pr(\tection than for agricultural land use and a major portion of the benefits

9



TABLE 3
ESTIMATED INSTALLATION COSTS

WILLIAMs - CHANDLER P.L.566 PROJECT

PROJECT COSTS - (DOLLARS)
MEASURES INSTALLED

P.L.566 OTHER

.1.130.000 62,33011

3.000,000

3,000,000

PROJECT MEASURES
Floodwater Retarding Structures:

Rittenhouse - Vineyard Road

Floodway: 3/
Roosevelt WCn-

P.L.566

1,130,000

3,000,000

4,130,000

TOTAL
OTHER

522,33011

3,382,330 1,130,000 62,330

REMAINING
P.L.566 OTHER

460,00011

2.860,00~/
3,320,000

11 Actual costs to obtain government land - $62,330; Hwy. Bridge - $460.000 (budgeted but not spent•. Actual value
of land estimated at $2,040,000 (also shown at a reduced value of $1,040,000.

1/ 300 acres private lands @ $3,000 - $900,000; 2 bridges in Indian Reservation - $460,000; and 6 bridges outside
Indian Reservation @ $250,000 - $ 1,500,000. Value of donated right-of-way in Indian Reservation - $600.000 (not
included in total). .

11 Includes extension of RWCD F100dway through Indian Reservation. A ~upp1emental Work ?lan is now being prepared
to include this extension.



would have to be based on this proj ected urban development in order to obtain

a favorable benefit-cost ratio. Projects obtaining federal assistance under

provisions of Public Law 566 should provide agricultural oenefits primarily.

Where the benefits are based primarily on the protection of urban areas, federal

assistance from the Corps of Engineers is considered more appropriate.

The Soil Conservation Service is currently preparing a watershed work plan

for the Lower Queen Creek Project in accordance with the approved portion of

the original application. This project will include a floodwater retarding

reservoir with outlet works. Table 4 shows the very preliminary estimated

costs for these structural measures.

With the installation of all of the structural measures included in the

three Public Law 566 projects approved for construction, as supplemented and

amended, and the measures anticipated to be included in the Lower Queen Creek

Project, major flooding will be controlled from the entire area east of the

Roosevelt Water Conservation District Canal and these flaws will be provided

with an outlet into the Gila River.

The Soil Conservation Service has prepared a watershed work plan under

provisions of Public Law 566 for the Guadalupe watershed on the west. side of

the study area and immediately west of the community of Guadalupe and Freeway 1-10.

It has been approved for construction and procurement of rights-of-way is in

process. This is a small watershed with a total drainage area of about 7.2

square miles. This project includes a floodwater retarding structure, a

diversion structure and a pipeline to remove water from the floodwater retarding

structure at a rate compatible with capacity limitations of the Western Canal.

These measures will control the runoff from 1.87 square miles of watershed and

their installation will provide flood protection to the community of Guadalupe

11·



TABLE 4
ESTIMATED INSTALLATION COSTS (Reconnaissance only)

LOWER QUEEN CREEK P.L.566 PROJECT (Application approved for planning)

PROJECT MEASURES
TOTAL

P.L.566 OTHER

PROJECT COSTS - (DOLLARS)l/
MEASURES INSTALLED

P.L.566 OTHER
REMAINING

P.L.566 OTHER

Lower Queen Creek Floodwater
Retarding Reservoir 1,600,000

Reservoir Outlet 750,000

Total - Lower Queen Creek Project 2,350,000

500 000'1:../,

300,0001/

800,000

1,600,000

750,000

2,350,000

500 OOO'!:/,
300,OOoY

800,000

1/ ~ preliminary COSt estimates.
'2/ Land for right-of-way only.
3/ Land for ri~lt-of-way $250,000 (including land for groundwater recharge); and bridges - $50.000 •.,....,



and Freeway 10. Table 5

structural measures.

shows the estimated instal~on costs for these
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TABLE 5
ESTIMATED INSTALLATION COSTS

GUADALUPE P. L. 566 WATERSHED PROJECT

PROJECT MEASURES
Floodwater Retarding Structure

Diversion Structure

Pipeline

Project Admin.

P.L.566
186,940

20,390

94,390

27,690

329,410

TOTAL
OTHER

266,16Of/

58,01~/

15, 260~/

4,3802/

343,810

PROJECT COSTS - (DOLLARS)'
MEASURES INSTALLED

P.L.566 OTHER
REMAINING

ii6~9~~6 26~~~~1 .
20,390 58,Ol~/

94,390 l5,26~/

27,690 4,3802/

329,410 343,8102/

1/
-0 2/
~ - .

1/

!i/
2/
&./

As shown in Watershed Work Plan 1970 prices.
Lands for R/W - $181,500; relocation of two natural gas lines - $84,000; power pole relocation - $600; and clothes
line relocation - $60.
Lands for R/W - $26,650; Guadalupe Road tunnel conduit - $30,460; lower AT&T cable - $780; and utility company. .
inspectors - $120.
Lands for R/W - $14,780; utility company inspectors - $250; Baseline Road. pavement repair ~ $230.
Includes $1,610 for State of Arizona dam filing fees.
Includes funds budgeted by Arizona Highway Department for right-of-way acquisition.



ADDITIONAL PROJECTS REQUIRED IN THE STUDY AREA

.. The installation of all of the Public Law 566 projects approved for con

struction, as amended and supplemented, and the measures anticipat~d for

inclusion in the Lower Queen Creek project will provide protection from the

IOO-year return period flood flows originating in the area east of the

Roosevelt Water Conservation District Canal. The Guadalupe watershed project

will provide protection to the community of Guadalupe and Freeway 1-10 but wi II

have small effect on the remaining flood problems in tne study area.

The area between the Roosevelt Water Conservation District Canal and the

western boundary of the drainage area into the Gila Drain includes about 244

square miles. There is no coordinated collector system or outlet channels for

the progressively increasing runoff from this area. As urban development

expands further, flood problems will become acute without the provision of major

outlet channels. The runoff from the areas above the Eastern and Consolidated

Canals will exceed the limited capacities of the canals causing breaching of the

canals and consequent damages from the released flows. The enlargement of

floodways above the canals without an outlet to the Gila River will only trans

fer the flood problem to the lower areas where the larger accumulated flows are

'. released.

Plate 1 illustrates a project concept of collector systems and major

channels to control the flood flows generated in this area. It includes the

development of an outlet channel to the Gila River into which the accumulated

flows in floodways and other. collector channels can be discharged.

This concept essentially divides the area into three units: the area north

of Western Canal; the area between Western Canal and Pecos Road; and the area

south of Pecos Road.
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The rlmoff from the area north of Western Canal would be collected in a

major floodway along the alignment of Western Canal from Gila Drain easterly to

Center Street, thence northerly to Baseline Road, then continuing easterly along

Baseline Road to a junction with Eastern Canal. Floodways above Eastern and

Consolidated Canals would be provided which would discharge into this floodway.

The

development of the flood control plans for this area and for the other areas

is contingent upon the completion of adequate capaci~y in the Gila Drain from

the junction with Western Canal to the Gila River.

The major portion of the rlmoff from the area between Western Canal and

Pecos Road would be collected in a floodway extending from the Gila Drain along

Pecos Road to Eastern Canal. Floodways above Eastern ·.and Consolidated Canals

would discharge into this floodway along with collector laterals in the area west

of Consolidated Canal which drains toward Pecos Road. Additional drains in

the vicinities of Warner, Ray and Williams Field Roads would discharge directly

into Gila Drain.

In the area south of Pecos Road collector systems would be developed to

discharge into Gila Drain with a _rna jor_ outlet along

Hunt Highway.

Federal assistance to provide major outlet channels for the area west of

Roosevelt Water ConserVation District Canal may be obtained through the Corps of

Engineers or the Soil Conservation Service.

There

may be advantages to diViding the area into two parts: one that is anticipated

16
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to be primarily urban within the relatively near futuI:e and the other that is

anticipated to remain in agriculture for the foreseeable future. The measures

required for protection of the urban area, including a portion of the outlet to the Gila

River through the Gila Drain, may appropriately be iDcluded in a Corps of

Engineers flood control project. The measures required for protection of the

area anticipated to remain primarily in agricultural use, including a portion of the Gila
Drain, may be included in a
Public Law 566 project with the advantage that Public Lag 566 projects are more

oriented to the needs of agriculture.

One of the objectives of this present study is to provide preliminary

information which will assist in obtaining assistance in the development of

these projects.

HYDROLOGIC ANALYSIS

The watersheds in the study area vary from steep mountains with slopes of

50 percent or greater in the eastern portion to the lands in the farmed areas

with very gentle slopes. Soils in the area range from very shallow with

sparse desert vegetation to the deep soils in the agricultural areas. In the

steep upper watersheds the runoff accumulates in closely spaced channels which

run generally in a southwesterly direction. The hign ~locities in these

channels transport large amounts of sediment. As the slopes become less

steep sediment is deposited, the channels become less defined and the flood

flows tend to spread over large areas.

There are not sufficient runoff data applic~le to this area to serve as a

basis for.estimating peak flood flows for design purposes. Peak flood flows

were estimated using the Soil Conservation Service computer program, TR-20,

Hydrology for Project Formulation.
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Estimated precipitation intensities for 24-hour durations were used in

estimating runoff for the various return periods. These were obtained from

precipitation maps prepared by the U.S. Weather Bureau for the Soil Conserva

tion Service in 1967 and revised by the Arizona Highway Department in 1970.

Infiltration rates, indicated by curve ntmbers, were estimated using the

hydrologic grouping of soils prepared by the Soil Conservation Service and

the present or anticipated land use in the various areas. Land use assumed in

the hydrologic analyses was as follows:

1. Area between the Roosevelt Water Conservation District Canal and

the Central Arizona Project Canal alignment - saturated urban development

between the Salt River and Guadalupe Road with the remainder of the area

in its present use.

2. Area north of Western Canal floodway alignment - 100 percent

saturated urban development.

3. Area between Western Canal and Pecos Road floodway alignment.

a. Gila Drain to Consolidated Canal - SO percent saturated urban

development.

b. Area east of Consolidated Canal to Roosevelt Water Conservation

District Canal - agricultural use.

4. Area south of Pecos Road to Maricopa County Line - 15 square miles

url>an development in close proximity to Highway 1-10 with the remainder

agricultural use.

5. Area west of Gila Drain and Highway 1-10 and north of Pecos Road - 5 square

miles urban development with the remainder in its present use.

The Soil Conservation Service developed a mathematical hydrologic model

for the area east of the Roosevelt Water Conservation District Canal in

accordance with their computer program, TR-20, Hydrology for Project Formulation.
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ntis model provides for rapid analyses by computer to obtain estimates of peak

flows at specified concentration points for various conditions of land use and

floodwater retarding structures installed in the watershed.

ntis model was used by the Soil Conservation Service to estimate peak

flood flows in the Roosevelt Water Conservation District floodway for various

return periods under conditions with and without the Buckhorn-Mesa Project and

the Lower Queen Creek Project structural measures installed under present and

future conditions; and with these structural measures installed under future

conditions. Table 6 summarizes the estimated peak flood flows for concen

tration points as shown on Plate 2.

A s~milar hydrologic model was developed for the 244 square mile drainage

area west of the Roosevelt Water Conservation District Canal for a project

concept of floodways to discharge into the Gila Drain. Table 7 summarizes

the estimated peak flood flows estimated for the 100-year return period flood

for concentration points shown on Plate 3 and 4.

For the area north of the Superstition Freeway alignment and west of

Consolidated Canal, computer ~uns were made for the estimated 2-, 5-, 10-,

25-, 50- and 100-year return period floods. Table 8 summarizes the estimated

peak flood flows and the volumes of runoff for these return periods at considered

culvert crossings of the Superstition Freeway.
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TABLE 6

ESTIMATED PEAK FLOOD FLOWs!/
ROOSEVELT WATER CONSERVATION DISTRICT FLOODWAY

Without Buckhorn-Mesa With Buckhorn-Mesa
and Lower Queen Creek Project and Lower Queen Creek Project"

Structural Measures Structural Measures

Present Conditions Future Conditions Future Conditions
Cross Return Period - Years Return Period - Years Return Period - Years

Section 100' 25 10 100 25 10 100 25 10
No. cfs cfs cfs cfs cfs cfs cfs cfs cfs

13 . 2,925 2,170 1,352 4,711 3,628 2,428 3,645 2,797 1,847

35 5,327 3,749 2,311 7,600 5,542 3,612 5,225 3,732 2,318

82 8,438 5,676 3,548 16,834 11,713 7,821 11,691 7,700 4,990

""'
118 9,847 6,508 4,121 19,690 13,522 9,020 13,675 9,174 5,864

145 l1.,788 8,446 5,423 25,667 17,178 11,391 17,424 11,507 7,243

148 12,675 8,325 5,325 24,980 16,805 10,978 16,881 11,022 7,032

185 15,372 9,911 6,243 28,798 18,966 12,258 20,854 13,483 8,389

64 20,972 13,355 8,237 32,398 21,254 13,785 24,609 15,823 10,068

167 34, ,863 23,315 16,331 39,848 26,773 18,096 32,295 21,406 14,013

1/ Estimated by U.S.D.A. Soil Conservation Service



TABLE 7·
ESTIMATED PEAK FLOOD FLOWS

100 - YEAR RETURN PERIOD
GILA DRAIN AND TRIBUTARIES

<;ross Drain. Main
Section Area. Lateral Channel
No,~. ; Sq. Mi. Location cfs cfs

Western Canal - Baseline Road Floodway

1 0.24 Eastern Cana I Floodway -' Rambo Rd.- Latera I 210 210
2 0.46 Eastern Canal Floodway - Rambo Rd.- Lateral 280
2 a.70: ", .. ~ 'EaStern-~na-l Floodway - Rambo Rd.- Lateral 440

3 0.61 Eastern Canal Floodway - So. of Rambo Rd.- Lateral 380 380
4 1.00 Eastern Canal Floodway - So. of Rambo Rd.-Lateral 590 900
5 0.84 Eastern Canal Floodway - So. of Rambo Rd.-Lateral 530
5 2.45 Eastern Canal Floodway - So. of Rambo Rd.-Lateral 1300

5 3.15 Eastern Cana I Floodway 1570

6 0.97 Eastern Canal Floodway - Brown Rd. - Lateral 670 670
7 1.07 Eastern Canal Floodway - Brown Rd. - Lateral 600
7 2.04 Eastern Canal Floodway - Brown Rd. - Lateral 1200

7 5.19 Eastern Canal Floodway 2380

8 0.78 Eastern Canal Floodway - Apache Trail - Lateral 540 540
9 2.12 Eastern Canal Floodway - Apache Trail - lateral 1420
9 2.90 Eastern Canal Floodway - Apache Trail - Lateral 1910

9 8.09 Eastern Canal Floodway 3210
"'; ,..~ '! .......
,'- l ."_.

10 1.07 Eastern Canal Floodway - Lateral 650 650
11 1.97 Eastern Canal Floodway - Lateral 970 1570
12 0.71 Eastern Canal Floodway - Lateral 360
12 ~3.15 Eastern Canal Floodway - Lateral 1910

12 11.84 Eastern Canal Floodway 3960

110 0.57 Eastern Canal Floodway - Baseline Rd. -Lateral 430 430
111 0.46 Eastern Canal Floodway - Baseline Rd. - Lateral 390
111 1.03 Eastern Canal Floodway - Baseline Rd. - Latera I 670

111 12.87 Eastern Canal Floodway 4000
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TABLE 7

ESTIMATED PEAK FLOOD FLOWS
100- YEAR RETURN PERIOD
GILA DRAIN AND TRIBUTARIES

_of l"'-.

Cross
Section

No.

112

112

113
113

16

17
18
18

18

19

19

20
21
21

'21

Drain
Area
Sq. Mi.

0.30

13.17

0.38
13.55

0.78

0.91
1.49
2.40

3.18

0.67

3.85

1.02
1.45
2.47

6.32

Location

Western Canal - Baseline Road Floodway (Continued)

Baseline Road Floodway - lateral

Baseline Road Floodway

Baseline Road Floodway - lateral
Baseline Road Floodway

Consolidated Canal Floodway - Lateral
." ;. . . ,

Consolidated Canal Floodway - Brown Rd. - Lateral
Consolidated Canal Floodway - Brown Rd. - Lateral
Consolidated CanalFloOclway - Brown Rd. - Lateral

Consolidated Canal Floodway

Consolidated Canal Floodway - Lateral

Consolidated Canal Floodway

Consolidated Canal Floodway - Apache Trail - Lateral
Consolidated Canal Floodway - Apache Trail - Lateral
Consolidated Canal Floodway - Apache Trail - Lateral

Consolidated Canal Floodway

"Lateral
as

270

370

560

580
730

860
960

Main
Channel

cfs

4010

4030

560

1050

1500

1410

860

1720

2250

22
23
23

23

113

1.20
2.23
3.43

9.75

23.30

Consolidated Canal Floodway - Superstition Freeway - Lat. 800
Consolidated Canal Floodway - Superstition Freeway - Lat. 1270
Consolidated Canal Floodway - Superstition Freeway - Lat.

Consolidated Canal Floodway

Baseline Road Floodway

800

2000

3010

6920

1.77
0.61

25.68

Baseline Rood Floodway- Gilbert Rd. - No. Lateral
Baseline Road Floodway - Gilbert Rd. - No. Lateral

Baseline Road Floodway

22

1100
400

7150



TABLE 7

ESTIMATED PEAK FLOOD FLOWS
100 - YEAR RETURN PERIOD

GILA DRAIN AND TRIBUTARIES

Cross Drain Main
Section Area Lateral Channel

No. Sq. Mi. Location cfs efs

Western Canal - Baseline Road Floodway (Continued)

28 1.73 Baseline Road Floodway- So. Lateral 860

28 27.41 Baseline Road Floodway 7510

29A 0.87 . Baseline Road Floodway - Cooper Road - Lateral 510
29 1.99 Baseline Road Floodway - Cooper Road - Lateral 920

115 2.86 Baseline Road Floodway - Cooper Road - Lateral 1170
115 0.50 Baseline Road Floodway - Cooper Road - Lateral 330

115 30.77 Baseline Road Floodway 7940

31A 1.48 Baseline Road Floodway - McQueen Road - No. lateral 600
31 2.02 Baseline Road Floodway - McQueen Road - No. Lateral 820

116 3.50 Baseline Road Floodway - McQueen Road - No. Lateral 1070
116 0.36 Baseline Road Floodway - McQueen Road - No. Lateral 190

32 1.64 Baseline Road Floodway - McQueen Road - So. Lateral 610
'.: ~ ;'...
116 36.27 Baseline Road Floodway 8610

117 0.64 Baseline Road Floodway - McQueen Road - Lateral 180
..

117 36.91 Western Canal Floodway 8590

43 0.84 Western Canal Floodway - Gilbert Trib. 520 520
30 1.48 Western Canal Floodway- Gilbert Trib. 660
44 2.09 Western Canal Floodway - Gilbert Trib. 1070 2210
45 1.51 Western Canal Floodway - Gilbert Trib. 780
45 5.92 Western Canal Floodway - Gilbert Trib. 2890

117 42.83 Western Canal Floodway - Jet. wi Gilbert Trib. 9290

33A 1.48 Western Canal Floodway - Arizona Ave. - No. Lateral· 600
33 1.98 Western Canal Floodway - Arizona Ave. - No. Lateral 800 1060
34 1.35 Western Canal Floodway - Arizona Ave. - No. Lateral 370
34 4.81 Western Canal Floodway - Arizona Ave. - No. Lateral 1380
46 1.51 Western Canal Floodway - Arizona Ave. - So. Lateral 780

34 49.15 Western Canal Floodway - Arizona Ave. 10,420

35A 0.82 Western Canal Floodway - Alma School Road - Lateral 420
35 1.96 Western Canal Floodway - Alma School Road - Lateral 830 1020
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TABLE 7
ESTIMATED PEAK FLOOD FLOWS
100 - YEAR RETURN PERIOD
GILA DRAIN AND TRIBUTARIES

Cross Drain Main
Section Area Lateral Channel

No. Sq. Mi. Location cfs cfs

~ . 1 :~.~ Western Canal - Baseline Road Floodway (Continued).:.~. : ..' ~

36 1.98 Western Canal Floodway - Alma School Road· - 640
36 4.76 Western Cana I Floodway - Alma School Road 1550

36 53.91 Western Canal Floodway - Alma School Road 11, 250

37 2.02 Western Canal Floodway - Dobson Road - Lateral 860
38 1.98 Western Canal Floodway - Dobson Road - Lateral 710
38 4.00 Western Canal Floodway - Dobson Road - Lateral 1410

38 57.91 Western Canal Floodway - Dobson Road 11,840

39 1.05 Western Canal Floodway - Tempe Canal - Lateral 360
4·0 1.90 Western Canal Floodway - Tempe Canal - Lateral 730
40 2.95 Western Canal Floodway - Tempe Canal - Lateral 900

'0 60.86 Western Canal Floodway - Tempe Canal 12,300

41 0.87 Western Canal Floodway - McClintock Road - Lateral 320

41 61.73 Western Canal Floodway - McClintock Road 12,370

42 0.60 Western Canal Floodway - Rural Road - Lateral 170

42 62.33 Western Canal Floodway - Rural Road - Jet. Gila Drain 12,430

117 1.61 Elliot Road Lateral to Gila Drain (West) nooo ~ 1000
118 0.55 Elliot Road Lateral to Gila Drain (West) 430 1260
119 0.79 Elliot Road Lateral to Gila Drain (West) 30 1210
120 0.52 Elliot Road Lateral to Gila Drain (West) 30
120 3.47 Elliot Road Lateral to Gila Drain (West) 1200

120 65.80 Gila Drain, Jet. wi Elliot Road, Lateral (West) 12,550

121 2.77 Warner Road Lateral to Gila Drain (West) 880 i:.880
122 0.65 Warner Road Lateral to Gila Drain (West) 450 1150
123 1.25 Warner Road Lateral to Gila Drain (West) 90 1200
124 0.74 Warner Road Lateral to Gila Drain (West) 30
"4 5.41 Warner Road Lateral to Gila Drain (West) 1200
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TABLE 7
ESTIMATED PEAK FLOOD FLOWS

100 - YEAR RETURN PERIOD
GILA DRAIN AND TRIBUTARIES

~cross Drain Main
Section Area Lateral Channel

No. Sq. Mi. Location cfs cfs

Warner Road latera I (East)

99 1.00 Warner Road 570 570
100 1.00 Alma School Road Jct. 620
101 1.02 Alma School Road 540
100 3.02 Warner Road 1620
102 1.00 Warner Road at Dobson Road 550
102 4.02 Warner Road at Dobson Road -:....... ;" ''7! 2080...... ~ - ~~ ..

103 0.50 Dobson Road 290
103 4.52 Dobson Road 2270
104 1.51 East Lateral No. of Warner Road 720 720
105 1.01 East Latera] :No. ;'of Warner Road 520 1180

105 7.04 Jct. on Dobson Road 3440
106 1.00 North Lateral at Price Road 140
107 0.48 South lateral at Price Road 70
107 8.52 At Price Road 3560
08 1.02 At McClintock Drive 60 3570

109 0.50 Warner Road and McClintock Drive :.:60 3590
110 1.53 Junction w/Gila Drain )40
110 11.57 Junction w/Gila Drain 3580

110 82.78 Gila Drain - Jet. w/Wamer Road Laterals 13,960

125 2.28 Ray Road latera I N'/est) 270 270
126 1.50 Ray Road lateral N'/est) 100 350
127 0.94 Ray Road lateral N'/est) 60
127 4.72 Ray Road Lateral N'/est) 390

111 0.99 Ray Road Lateral (East) 100 100
112 1.02 Ray Road latera I (East) 100
113 1.02 Ray Road lateral (East) 50 240
114 1.13 Ray Road LateraI (East) 30
114 4.16 Ray Road Lateral (East) 270

114 91.66 Gila Drain - Jet. w/Ray Road Laterals 14,240

128 0.74 Wi lliams Fie Id Road latera I fWest) 30 30
129 0.90 Williams Field Road lateral (West) 50 80
'30 0.98 Williams Field Road lateral (West) 140
130 2.62 Williams Field Road lateral fWest) 210
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TABLE 7
ESTIMATED PEAK FLOOD FLOWS

l00-YEAR RETURN PERIOD
GILA DRAIN AND TRIBUTARIES

Cross Drain Main
Section Area Lateral Channel

No. Sq. Mi. Location cfs cfs

Warner Road Lateral (East) Continued

115 0.99 Williams Field Road Lateral (East) 30 30
116 0.67 Williams Field Road Lateral (East) 20
116 1.66 Williams Field Road Lateral (East) 50

116 95.94 Gila Drain - Jet. Williams Field Road Laterals 14,290

Pecos Road Floodway

13 O,,1.1i Eastern Canal Floodway - Guadalupe Road - Laterol 30 30
14 0.98 Eastern Canal Floodway - Guadalupe Road - Lateral 30 60
15 0.-59 Eastern Canal Floodway - Guadalupe Road - Lateral 50
15 2.28 Eastern Canal Floodway - Guadalupe Road·- Laterol 100

47 1.14 Eastern Canal Floodway - Elliot Road - Lateral 150 150
" ';() 1.28 Eastern Canal Floodway - Elliot Road - Lateral 150 270

48 1.01 Eastern Canal Floodway - Elliot Road - Latera I 150 400
51 0.98 Eastern Canal Floodway - Elliot Road - Lateral 120 520
49 0.55 Eastern Canal Floodway - Elliot Road - Lateral 80
49 4.96 Eastern Canal Floodway - Elliot Road 580

49 7.24 Eastern Canal Floodway - Elliot Road 670

53 1.21 Eastern Canal Floodway - Warner Road - Lateral 140 140
54 0.97 Eastern Canal Floodway - Warner Road - Lateral 150 250
52 0.85 Eastern Canal Floodway - Warner Road - Latera. 100 350
55 0.97 Eastern Cana I Floodway - Warner Road - La tera I 150
55 4.00 Eastern Canal Floodway - Warner Road - Lateral 470

55 11.24 Eastern Canal Floodway - Warner Road 1080
...- ~ .-., ,....~, .. ~-'

57 1.06 Eastern Canal Floodway - Ray Road - Lateral 130 130
58 0.99 ' Eastern Canal Floodway - Ray Road - Lateral 120 250
59 0.99 Eastern Canal FloOdway - Ray Road - Lateral 120 350
56 0.46 Eastern Canal Floodway - Ray Road - Lateral 50
56 3.50 Eastern Canal Floodway - Ray Road - Lateral 400

56 14.74 Eastern Canal Floodway - Ray Road 1430
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TABLE 7
"ESTIMATED PEAK FLOOD FLOWS

100 - YEAR RETURN PERIOD
GILA DRAIN AND TRIBUTARIES
.. ',,:,~, .... :.~:. -",- .t .

~ross Drain Main
Section Area Lateral Channel

No. Sq. Mi. location cfs cfs

Pecos Road Floodway (Continued)

61 0.58 Eostern Canal Floodway - Wms Field Road - lateral 50 50
62 0.99 Eastern Canal Floodway- Wms. Field Road - laterol 130 180
63 0.99 Eastern Canal Floodway - Wms. Field Road - larerol 130 300
64 0.99 Eastern Canal Floodway - Wms. Field Road - lateml 110 390
60 1.04 Eastern Canal Floodway - Wms. Field Road - larerol 110
60 4.59 Eastern Canal Floodway - Wms. Field Road - laterol 500

60 19.33 Eastern Canal Floodway - Wms. Field Road 1750

66 0.83 Eastern Canal Floodway - Pecos Road No. lateral 40 40
67 1.00 Eastern Canal Floodway - Pecos Road No. later.a[ 40 70
68 1.00 Eastern Canal Floodway - Pecos Road No. Lateral 30 "·:100

~~ g:l~ ~astem Egnal ~Io~wa~ - ~ecos ~oa~ ~o. l:gteral 80 -
astern na 0 wo - ecos oa . 0.· tera TOO

65 22.96 Eastern Canal Floodway - Pecos Road 1830

.J9 1.10 Eastern Canal Floodway - Pecos Road, So. lateral 140

69 24.06 Eastern Cana I Floodway - Pecos Road 1860

26 2.09 Consolidated Canal Floodway - Guadalupe Road - lateral 230
26 2.09 Consolidated Canal Floodway - Guadalupe Road - lateral 230

70 1.33 Consolidated Canal Floodway - Elliot Road - lateral 150 150
170 1.11 Consolidated Canal Floodway - Elliot Road - lateml 170 290
171 0.99 Consolidated Canal Floodway - Elliot Road- lateral 120 410

71 1.03 Consolidated Canal Floodway - Elliot Road - lateral 130
71 4.46 Consolidated Canal Floodway - Elliot Road ·_·lateral 530

71 6.55 Consolidated Canal Floodway - Elliot Road 720

72 0.52 Consolidated Canal Floodway - Warner Road - lateral 100 100
73 1.00 Consolidated Canal Floodway - Warner Road - Latera I 130 220
74 0.54 Consolidated Canal Floodway - Warner Road - Lateral 210 420
75 0.99 Consolidated Canal Floodway - Warner Road - Lateral 150
75 3.05 Consolidated CanalFJoodway - Warner Road - Lateral 550

75 9.60 Consolidated Canal Floodway - Warner Road 1103
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TABLE 7

ESTIMATED PEAK FLOOD FLOWS
1()() - YEAR RETURN PERIOD

. GILA DRAIN AND TRIBUTARIES

Cross Drain Main
Section Area Lateral Channel

No. Sq. Mi. location cfs cfs

PecOs Road Floodway (Continued)

76 0.95 Consolidated Canal Floodway - Ray Road - lateral 120 120
77 0.97 Consolidated Canal FloOdway - Ray Road - Lateral 110 230
78 0.40 Consolidated Canal FloOdway - Ray Road - Lateral 40
78 2.32 Consolidated Canal Floodway - Ray Road - lateral 270

78 11.92 Consolidated Canal FloOdway - Ray Road 1270

79 1.19 Consolidated Canal Floodway - Wms. Field Road - lateral 190 1910
80 0.83 Consolidated Canal FloOdway - Wms. Field Road - Lateral 100
80 2.02 Consolidated Canal FloOdway - Wms. Field Road - Lateral 280

80 13.94 Consolidated Canal FloOdway - Wms. Field Road 1360

69 38.00 Pecos Road FloOdway 3190
. , .- ~c.::: .. _'!-

11 0.90 Pecos Road FloOdway,:" McQueen Road 100
82 0.57 Pecos Road FloOdway - McQueen Road 20 3230
83 1.02 Pecos Road FloOdway - Arizona Avenue 30 3230
84 1.03 Pecos Road Floodway~ Alma ;School R,-oad 70 3260
85 1.04- Pecos Road FloOdway - Price Road 70
85 42.56 Pecos Road FloOdway - Price Road 3260

86 0.99 Tributary to Pecos Road FloOdway - Ray Road 510
87 1.15 Tributary to Pecos Road FloOdway - Ray Road 130 620
88 1.00 Tributary to Pe!=os Road Ffoodway - Arizona Avenue 540
89 0.99 Tributary to Pecos Road Floodway - Arizona Avenue 540 1510
90 1.00 Tributary to Pecos Road Floodway - Alma School Road 540 1940
91 1.01 Tributary to Pecos Road FloOdway - Dobson Road 570
92 1.00 Tributary to Pecos Road FloOdway - Dobson Road 620 2710
93 1.00 Tributary to Pecos Road FloOdway - Price Road 130
93 8.14 Tributary to Pecos Road FloOdway - Price Road 2810

85 40.70 Pecos Road Floodway -: Jct. w/Price Road Trib. 3930

94 1.00 Pecos Road FloOdway - McClintock Drive 30
95 0.90 Pecos Road Floodway - McClintock Drive 20 3950
96 1.02 Pecos Road FloOdway - Canal Drive 30
""7 0.94 Pecos Road FloOdway - Canal Drive 30 3970
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Cross
Section

No.

98

98

Drain.
Area
Sq.Mi.

1.30

55.86

TABLE 7

ESTIMATED PEAK FLOOD FLOWS
.IOO-YEAR RETURN PERIOD

GILA DRAIN AND TRIBUTARIES

Location

Pecos Road F100dway (Continued)

Pecos Road F1oodway, Jet. W/Gi1a Drain

Pecos Road F1oodway, Jet. W/Gi1a Drain

Lateral
cfs

30

Main
Channel

cfs

3,-960

98 151.80 Gila Drain, Jct. w/Pecos Rd. F100dway 18,040

131

133

134

136

136

138

139

140

141

142

143

143

144

145

147

148

149

150

151

152

153

153

1.72

1.99

1.59

1.99

159.09

2.07

1.05

0.99

0.93

0.99

0.99

7.02

1.27

0.99

1.96

1.03

0.99

0.94

0.94

1.00

1.00

10.12

Tributary to Gila Drain (West)

German Road Lateral

Queen Creek Road Lateral

Ocotillo Road Lateral

Gila Drain, Jet. Ocotillo Rd. Lateral

Chandler Heights Rd. Drain and Laterals

Germann Rd. Lateral

Germann Rd. Lateral

Germann Rd. Lateral

Jct. w/Queen Creek Rd. Lateral

Queen Creek Rd. Lateral

Queen Creek Rd. Lateral

Queen Creek Rd. Lateral

Queen Creek Rd. Upper Lateral

Queen Creek Rd. Upper Lateral

Ocotillo Rd. Lateral

Ocotillo Rd. Lateral

Ocotillo Rd. Lateral

Ocotillo Rd. Lateral

Ocotillo Rd. Lateral

Ocotillo Rd. Lateral

Ocotillo Rd. Lateral

Ocotillo Rd. Lateral

29

200

50

590

730

70

30

40

20

30

30

·30

20

50

30

30

20

30

30

440

18,050

18,080

18,130

18,200

70

120

140

160

180

30

50

100

120

140

180

200

450



Cross·
Section

No.

Drain.
Area
Sq.Mi.

TABLE 7

ESTIMATED PEAK FLOOD FLOWS
100-YEAR RETURN PERIOD

GllA DRAIN AND TRIBUTARIES

Location
Lateral

efs

Main
Channel

efs

153

Chandler Heights Rd Drain and Laterals (Continued)

17.14 Jet. Queen Creek Rd. and Ocotillo Rd Lateral 470

154A

154

167

168

168

168

157

158

159

159

161

162

163

163

163

164

165

166

166

168

169

170

171

171

0.99

0.99

1.00

1.00

3.98

21.12

3.24

1.00

1.01

5.25

2.00

1.01

1.00

4.01

9.26

0.95

0.95

0.99

12.15

33.27

1.00

1.00

1.14

36.41

Lower Chandler Heights Rd. Lateral

Lower Chandler Heights Rd. Lateral

Lower Chandler Heights Rd. Lateral

Lower Chandler Heights Rd. Lateral

Lower Chandler Heights Rd. Lateral

Lower Chandler Heights Rd. Lateral

Chandler Heights Road

Chandler Heights Road

Chandler Heights Road

Chandler Heights Road

Riggs Road

Riggs Road

Riggs Road

Riggs Road

Jet. Riggs Road and Chandler Heights Road Tribs.

Riggs Road

Riggs Road

Riggs R-oad

Riggs Road

Jet. All Laterals

Chandler Heights Rd. Drain

Chandler Heights Rd. Drain

Chandler Heights Rd. Drain

Chandler Heights Rd. Drain

30

400

370

440

440

80

30

30

50

430

440

410

400

400

370

30

30

760

1,520

1,970

80

105

130

50

880

890

1,640

1,980

3,440

3,700

3,690



Cross
Section

No.

Drain.
Area
Sq.Mi.

TABLE 7

ESTIMATED PEAK FLOOD FLOWS
100-YEAR RETURN PERIOD

GILA DRAIN AND TRIBUTARIES

Location
Lateral

efs

Main
Channel

cfs

171 195.50 Gila Drain Jet. w/Chand1er Hts. Rd. Drain 19,200

3.12 Germann Rd. Lateral

187

188

186

186

191

189

189

1.02

1.02

1.08

1.53

1.30

2.83

Hunt Highway Drain- Eastern Canal Floodway

Germann Rd. Lateral.
Germann Rd. Lateral

Germann Rd. Lateral

Queen Creek Rd. Lateral

Queen Creek Rd. Lateral

Queen Creek Rd. Lateral

. 40

30

30

40

40

40

70

100

40

70

189

194

195

193

193

193

196

5.95 Eastern Canal Floodway

1.20 Oeatillo Rd. Lateral

1.00 Oeatillo Rd. Lateral

1.78 Ocatil10 Rd. Lateral

3.98 Ocatillo Rd. Lateral

9.93 Eastern Canal Floodway

1.08 Chandler Heights Road Lateral

30

30

50

30

170

30

60

110

270

300

198

199

199

1.51

1.21

2.72

Riggs Road Lateral

Riggs Road Lateral

Riggs Road Lateral

40

40

80

199 13.73 Eastern Canal Floodway

31
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Cross
Section

No.

Drain.
Area
Sq.Mi.

TABLE 7

ESTIMATED PEAK FLOOD FLOWS
100-YEAR RETURN PERIOD

GILA DRAIN AND TRIBUTARIES

Location
Lateral

cfs

Main
Channel

cfs

Hunt Highway Drain - Eastern Canal Floodway (Continued)

200

1

1

16

18

18

5

6

6

10

9

9

1.50

1.12

16.35

0.99

1. 78

19.12

0.91

1.45

2.36

1.20

2.39

3.59

Hunt Hwy. Lateral

Hunt Hwy. Lateral

.
Eastern Canal F100dway at Hm1t Hwy.

Hunt Hwy. Drain

Hunt Hwy. Drain

Hunt Hwy. Drain

Consolidated Canal Floodway

Germann Road Lateral

Germann Road Lateral

Germann Road Lateral

Queen Creek Road Lateral

Queen Creek Road Lateral

Queen. Creek Road Lateral

40

30

30

40

20

40

30

60

70

410

430

460

60

30

90

9 5.95 Consolidated Canal Floodway 150

12

11

11

11

13

15

0.89

1.10

1.99

7.94

1.41

2.05

Qcotil10 Road Lateral

Ocotillo Road Lateral

Ocotillo Road Lateral

Consolidated Canal Floodway

Chandler Heights Road Lateral

Riggs Road Lateral

32

20

30

40

60

50

200

230

270



Cross
Section

No.

Drain.
Area
8q.Mi.

TABLE 7

ESTIMATED PEAK FLOOD FLOWS
lOO-YEAR RETURN PERIOD

GILA DRAIN AND TRIBUTARIES

Location
Lateral

cfs

Main
Channel

efs

,
18 30.52 Hunt Hwy. Drain, Jet. Consolo Canal F100dway 720

173 1.36 Hunt Hwy. Drain 30 750

174 1.66 Hunt Hwy. Drain 40 780
p

175 1.56 Hunt Hwy. Drain 40 800

176 1.56 Hunt Hwy. Drain 40 830

177 1.33 Hunt Hwy. Drain 40 850

178 0.99 Hunt Hwy. Drain 400

179 1.25 Hunt Hwy. Drain 40 910

180 0.99 Hunt Hwy. Drain 20

181 1.48 Hunt Hwy. Drain 40 940

182 0.99 Hunt Hwy. Drain 30

183 1.40 Hunt Hwy. Drain 40 970

184 2.15 Hunt Hwy. Drain 50

185 1.16 Hunt Hwy. Drain 30

185 48.40 Hunt Hwy. Drain 1,020

185 243.90 Gila Drain, Jet. w{Hunt Hwy. Drain 20,130
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TABLE 8

ESTIMATED PEAK FLOOD FLOW AND VOLUMES OF RUNOFF
AREA NORTH OF SUPERSTITION FWY. ALIGNMENT AND WEST OF CONSOLIDATED CANAL

FOR VARIOUS RETURN PERIODS

Return 1/
CONCENTRATION POINTS - NUMBER AND DRAINAGE AREA

Period Co I umn Number- 1 2 3 4 5 6 7
Years D. A. Sq. Mi. len 2.86 3.50 1.73 1.73 2.78 3.07

2 Peak cfs 145 105 75 35 35 65 80
Volume ~ Ac. Ft. 35 35 33 • 16 16 26 29

5 Peak cfs 305 265 210 100 100 190 230
Volume - Ac. Ft. 67 77 77 38 38 61 68

~
10 Peak cfs 455 425 350 170 170 325 390

Volume - Ac. Ft. 96 116 122 60 60 96 106
"

25 Peak cfs 685 700 600 295 295 560 675
Volume - Ac. Ft. 142 183 197 98 98 156 173

50 Peak cfs 930 995 875 430 430 825 990
Volume - Ac. Ft. 192 256 281 139 139 223 246

100 Peak cfs 1,100 1,200 1,070 530 530 1,010 1,220
Volume .. Ac. Ft. 225 307 341 168 168 270 298

1/ Culvert Crossing Concentration Points- 1. 1 .77 sq. mi - Gi Ibert Road Crossing
2. 2.86 sq. mi. - Stapley Drive Crossing
3. 3.50 sq. mi. - Mesa Drive Crossing
4. 1 .73 sq. mi. - Center Street Crossing
5. 1 .73 sq. mi. - Country Club Drive
6. 2.78 sq. mi. ":' Alma School Road
7. 3.07 sq. mi. - Tempe Canal



The peak flood flows for the tOO-year return period floods were estimated

using the output from the computer runs. Peak flood flows for the 50-,25-, and 10

year return periods were estimated, for specific drainage areas using factors repre

senting the ratios of the more frequently occurring peak flows to the l00-year

retlml period peak flows. These factors were estimated on the basis of the weighted

curve numbers (indicating infiltration rates resulting from the combination of land

use and hydrologic characteristics of the soils) for each drainage area considered.

The factors are the ratios of the runoff which is estimated to occur with the 24-hour

duration precipitation intensities for the 50-, 25-, and lo-year return periods

to that which is estimated to occur for the l00-year return period intensity.

Table 9 shows the factors estimated for each of the drainage areas

considered and the peak flood flows for various return periods estimated by the

application of these factors. Drainage areas that are primarily in agricultural use

have lower factors for the more frequently occurring floods. This is because of the

higher infiltration rates which absorb a greater proportion of the lower precipitation

intensities.

As 'these drainage areas were generally selected on the basis of consistency

of land use wi th in them the fa ctor may be a pp lied genera lIy to a II estima ted 100

year return period peak flood flows in the areas. The factors deve loped for the

total drainage areas with combinations of land uses and soils above major outlet

channels are applicable to the outlet channels only. Table 9 indicates the

. extent to which there factors may be applied.

Standard project floods as developed by the Corps of Engineers are esti

mated or hypothetical floods that might be expected from the most severe combina

tion of meteorological and hydrological conditions that are considered reasonably
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TABLE 9

ESTIMATED PEAK FLOOD FLOWS 100-, 50-, 25- AND 10-YEAR RETURN PERIODS
FOR SELECTED DRAINAGE AREAS WITH SIMILAR RUNOFF.CHARACTERISTICS

100-Year 50-Year 25-Year 10-Year Factors Generally
S9.M!. cfs F cfs F cfs F cfs F Applicable to

Western Canal - Baseline Rd. Floodway

Eastern Canal Floodway 13.55 4,030 1.00 3,380 0.84 2,340 0.58 1,730 0.4:JConsolidated C. Floodway 9.75 3,010 1.00 2,530 0.84 1,750 0.58 1,290 0.43 All Channels
Total drainage area 62.32 12,430 1.00 10,440 0.84 7,210 0.58 5,340 0.43

, Pecos Road Floodway

Area above Jet. Price Rd.
Tributary 42.55 3,260 1.00 2,380 0.73 1,300 0.40 680 0.21 All Channels

Price Road Tributary 8.14 2,810 1.00 2,360 0.84 1,660 0.59 1,260 0.45 All Channels
Total drainage area 55.85 3,960 1.00 . 2,970 0.75 1,700 0.43 1,030 0.26 Main channel below

~ Jet. 'Price Rd.Trib.

Hunt HwyDrain - Total Area 48.39 1,020 1.00 450 0.44 210 0.21 50 0.05 All Channels

Chandler Heights Road F100dway

Riggs Road Trib. 12.15 1,970 1.00 1,440 0.73 790 0.40 410 0.21 All Channels
Germann Rd.-Queen er.Rd.-
Ocotillo Rd. Trib. 17.14 470 1.00 260 0.55 120 0.26 40 0.09 All Channels

Total drainage area 36.41 3,690 1000 2,730 0.74 1,550 0.42 920 0.25 Outlet Channel

Gila Drain

Jet. with Western C. F.W. 62.32 12,430 1.00 10,440 0.84 7,210 0.58 5,340 0.43
Jet. with Wms.Field Rd.Dr. 95.94 14,290 1.00 11,720 0.82 8,000 0.56 5,860 0.41 Gila Drain at
Jct.with Pecos Rd. F.W. 151. 79 18,040 1.00 14,430 0.80 9,380 0.52 6,490 0.36 Junction Points
Jet. with Chandler Hts.F.W. 195.49 19,200 1.00 15,170 0.79 9,600 0.50 6,530 0.34 Indicated.
Jct.with Hunt Hwy.Drain 243.89 20,130 1.00 15,500 0.77 9,300 0.46 6,100 0.30



characteristic of the geographical region involved. Estimated flood frequencies

estimated by the Corps·c of Engineers for Indian Bend Wash at Thomas Road are

shown in Table 10 •

TABLE 10
ESTIMATED FLOOD FREQUENCIES

INDIAN BEND WASH AT THOMAS ROAD
,CORPS OF ENGINEERS FLOOD SURVEY REPORT

Number of Times that Flood Would
be Equaled or Exceeded in 100 Years

0.23 (Standard Project Flood
1.0
5.0

10.0
20.0
50.0
72.0

Uncontrolled Peak
Discharges Cubic
Feet Per Second

72,000
40,000
19,000
12,500
7,600
2,900
1,500

Ratios to
100 Years
Return Periad

1.8000
1.0000
0.4750
0.3125
0.1900
0.0725
0.0375

These ratios to the l00-year return period flood flCDWS are consistent with...
those obtained for the Gila Drain for the more frequently occurring floods. On

this basis it may be estimated that the standard project floods for the Gila Drain

and the major outlet channels may be about 80 percent higher than the estimates

for the 100- year return period floods.
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ESTIMATED COSTS TO INSTALL ADDITIONAL PROJECTS REQUIRED IN THE STUDY AREA

The costs to install the major channels and floodways as shown on Plates 5 and 6 were

estimated for unlined earth sections and for concrete lined sections.

For unlined earth section channels a trapezoidal section with 2: 1 (horizontal to

vertical) side slopes was assumed and an lin II value of 0.035 was used except for the flood

ways above the Eastern and Consolidated Canals where a value of 0.025 was used. These

floodways are on very gentle slopes and have relatively small capacity requirements.

Vegetation in the channel sections can be controlled more conveniently than in the larger

sections.

In all unlined earth section channels it was assumed that velocities under flow conditions

with the 10-year return period floods (about 43 percent of the 100-year return period peak

flood flows) would be maintained at less than 6 feet per second. .With the probable amounts

of vegetation that would become established in these channel sections they would generally

remain stable under these flow conditions. The l00-year return period flood flows would

cause velocity increases of about 30 percent. However, these flow conditions would occur

so infrequently and for such relatively short durations that major damages to the channel

sections do not seem probable.

In areas of intensive urban development unlined earth section channels have the dis

advantage of requiring relatively large areas of costly lands for right-of-way and the bridge

costs for the longer spans and frequent crossings become very much larger than with a concrete

lined section. In such areas a rectangular concrete lined section requires the least land for

right-of-way and reduces bridge costs to a minimum. A trapezoidal concrete lined section

requires more land for right-of-way and more costly bridges than a rectangular section, but

considerably less than for an earth section channel.

For concrete lined channel sections an lin II value of 0.014 was used. Channel slopes were

estimated from U.S.G.S. Quadrangle Sheets.
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The total costs for excavating earth section channels were estimated on the basis of

60 cents per cubic yard except for the reach of Gila Drain below the junction with Pecos

Road Floodway for which 50 cents per cubic yard was used. These costs are, assumed to

include the costs for installation services. All costs are based on 1973 prices.

The estimated costs of lands for rights-of-way range from $2,000 per acre for agri

cultural lands south of Pecos Road to $11,000 per acre for land adjacent to Baseline Road.

Costs were estimated separately for the five units which compose the total system of

floodways and the outlet to the Gi la River:

1. Baseline Road - Western Canal Floodway, including tributary f100dways

above the Eastern and Consolidated Canals.

2. Pecos Road Floodway, including tributary floodways above the Eastern

and Consolidated Cana Is •

3. Hunt Highway Drain, including tributary floodways above the Eastern

and Consolidated Canals.

4. Gila Drain - Ulit 1 - from its outlet into the Gila River to the boundary

of the Gila Indian Reservation near its junction with the Pecos Road Floodway.

5. Gila Drain - Unit 2 - from the boundary of the Gila Indian Reservation

to its upper end at the junction with Baseline Road - Western Canal Floodway

near Ell iot Road.

Baseline Road - Western Canal Floodway, Including Tributory Floodways

The Baseline Road - Western Canal Floodway includes 15.43 miles of channel ranging in

width from 38 feet to 300 feet and in depth from 9.5 feet to 13.5 feet. Allowing 30 feet

additional width for maintenance roads about 416 acres of land would be required for rights

of-way.

The tributary floodways above the Eastern and Consolidated Canals include 13 miles of
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channel ranging in width for an unlined earth section from 30 feet to 85 feet and in depth

from 6.0 feet to 13 feet, Allowing additional width for maintenance roads about 189 acres

of land would be required for rights-of-way.

The total construction costs including installation services costs for unlined earth section channels

are estimated to be $4,816,000 and the total costs for rights-of-way,bridges and relocation of

utilities are estimated to be $8,075,000 for a total cost of $12,891,000 •

The unlined earth sections on the Baseline Road - Western Canal Floodway requires extremely

wide rights-of-way through a rapidly urbanizing area.

A rectangular section concrete lined channel on the Baseline Road - Western Canal Floodway

would have a fO,:,ge of channel widths from 10 feet to 85 feet with depths ranging from 6

feet to 13 feet. About 169 acres of land would be required for right-of-way. The total con-

struction costs for this project unit with rectangular section concrete lined channel on the Base-

line Road - Western Canal Floodway and earth section on the tributary floodways are estimated

to be $27,298,000 and the total costs for rights-of-way,bridges and relocation of utilities are

estimated to be $3,885,000 for a total cost of $31,183,000 •

A trapezoidal section concrete lined channel on the Baseline Road - Western Canal Floodway

would have a range of channel widths from 22 feet to 110 feet with depths ranging from 6.5 feet

to 14 feet. About 238 acres of land would be required for right-of-way. The total construction

costs for this project unit with trapezoidal section concrete lined channel on the Baseline Road -

Western Canal Floodway and earth section on the tributary floodways are estimated to be $9,171,000

and the total costs for rights-of-way, bridges and relocation of utilities are estimated to be $5,000,000
for a tota I cost of $14, 171 ,000 •
Pecos Road Floodway Including Tributary Floodways

The Pecos Road Floodway includes 10.66 miles of channel ranging in width for an unlined earth

section from 58 feet to ge feet and in depth from 8.5 feet to 12· feet. Allowing 30 feet additional

width for maintenance roads about 160 acres of land would be required for right-of-way.
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The tributary floodways above the Eastern and Consolidated Canals include 11 miles of

channel ranging in width for an unlined earth section from 25 feet to 66 feet and in depth

from 5 feet to 9 feet. Allowing additional width for maintenance roads about 146 acres

of land would be required for tights-of-way.

The total construction costs including installation services costs for unlined earth section

channels are estimated to be $1,724,000, and the total cOsts f~r rights-of:-way, ~ridges and

-:elocation of utilities are estimated to be $2,026,000 for a total cost of $3,750,000.

A rectangular section concrete lined channel on the Pecos Road Floodway would have a

range of channel widths from 14 feet to 24 feet with depths ranging from 11 .5 feet to 14

feet. About 44 acres of land would be required for rights-of-way. The total construction

costs for this project unit with rectangular section concrete lined channel on the Pecos Road Flood-

way and earth section on the tributary floodways are estimated to be $13,038,000 and the total

costs for rights-of-way, bridges and relocation of utilities are estimated to be $1,542,000 for a

total cost of $14,580,000 •

A ·d I· I· d' I .,... .... _.. •. h.-.. trOpeZOI a, sectioii cOiicrete me cnannel on me t"ecos Koaa I"I000way would ave a range

of channel widths from 43 feet to 73 feet with depths ranging from 8.5 feet to 12 feet.

About 101 acres of land would be required for right-of-way. The total construction costs for

this project unit with trapezoidal section concrete lined channel on the Pecos Road Floodway and

earth section on the tributary floodways are estimated to be $4,607,000 and the total costs for

rights-of-way, bridges and relocation of utilities are estimated to be $1,714,000 for a total

cost of $6,321 ,000 •

Hunt Highway Drain Including Tributary Floodways

The Hunt Highway,Drain includes 11 .52 miles of channel ranging in width for an unlined

earth section from 35 feet to 49 feet and in depth from 5.25 feet to 6 feet. About 103 acres of

land would be required for right-of-way.
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The tributary floodways above the Eastern and Consolidated Canals include 10 miles of

channel ranging in width for an unlined earth section from 20 feet to 38 feet and in depth

from 4 feet to 6 feet. About 123 acres would be required for right-of-way.

The total construction costs including installation services costs for unlined earth section

channels are estimated to be $990,000 and the total costs for rights-of-way, bridges and relocation

of utilities are estimated to be $701,000 for a total cost of $1,691,000.

It seems improbable that concrete lined section channels would be considered for the

intensity of development assumed in the hydrologic analysis.

Gila Drain - Unit I - Gila River to Boundary of Gila Indian Reservation

This unit of the Gila Drain includes about 9 miles of channel ranging in width for an unlined .

earth section from 255 feet to 358 feet and in depth from 10 feet to 14.5 feet. About 402

acres of land would be required for right-of-way.

The total construction costs including installation services costs for an unlined earth section

channel are estimated to be $3,843,000 and the total costs for rights-of-way, bridges and re-

location of utilities are estimated to be $1,424,000 for a total cost of $5,267,000.

It seems improbable that concrete lines channel sections would be considered for this unit

of the Gila Drain.

Gila Drain - Unit 2 - Boundary of Gila Indian Reservation to Junction With Western Canal
Floodway

This unit of the Gila Drain includes about 5 miles of channel ranging in width for an unlij,ed-

earth section from 200 feet to 205 feet and in depth from 12.5feet to 13.5 ·feet. About 149

acres of land would be required for right-of-way.

The total construction costs including installation services costs for an unlined earth section

channel are estimated to be $1,633,000 and the total costs for rights-of-way, bridges and

relocation of utilities are estimated to be $1,832,000 for a total cost of $3,465,000 •
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This unlined earth section channel requires extremely wide rights-of-way through this

rapidly urbanizing area.

A rectangular section concrete lined channel would have a channel width

of 70 feet with depths ranging from 14 feet to 15.5 feet. About 68 acres of land

would be required for rights-of-way. Construction costs for this project unit with rectangular

section concrete lined channel are estimated to be $12,448,000 and the total costs for rights

of-way, bridges and relocation of utilities are estimated to be $ 807,000 for a total cost of

$13,255,000 •

A trapezoidal section concrete lined channel would have a range of channel widths from

104 feet to 116 feet with depths ranging from 14.5feet to 15 feet.. About 95 acres of

land would be required for right-of-way. Construction costs for this project unit with

trapezoidal section concrete lined channel are estimated to be $3,737,000 and the total costs

for rights-of-way, bridges and relocation of utilities are estimated to be $1,144,000 for a total

cost of $ 4, 881 ,000 •

Estimated Costs for Channel Improvements to Contain the More Frequently Occurring Floods

Providing channel improvements with smaller capacities to contain the more frequently occurring

"peak flood flows would cost less, but the reduction in cost would"be considerably less than the

proportionate reduction in capacities.

Table 11 summarizes the estimated cubic yards of concrete required per linear foot of channel

improvement for capacities representing the relative peak flows for the 100-, 50-, 25- and 10-year

return periods. These estimates of concrete required are based on Soil Conservation Service design

standards for open rectangular section concrete lined channels. These estimates were based on 100

year return period floods of 12,000 cfs and 4,000 efs which represents the range within the Western

Canal-Baseline Road Floodway.
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The concrete requirements per linear foot of channel will vary with the constraints that

may be applied to depths of flow because of maximum depths desired or for other reasons.

In this analysis the most efficient sections in the use of concrete were used.

For the larger flows (lOO-year retum period - 12,000 efs) this analysis ind{cates that

concrete requirements per linear foot of channel increase at about half the percent rate of

increase of design capacities provided. For the smaller flows (lOO-year retum period - 4,000

efs ) it is indicated that the concrete requirements increase at about one-third the rate of

increase of design capacities.

There is less right-of-way requirement for the smaller channels and probably a higher

unit cost for the smaller sections. However, this analysis indicates that project costs will

increase at about 50 percent of the increase in design capacities provided in channel systems.

This is summarized as follows in relation to the 10-year retum period flood flows:

Capacity Estimated
Retum Requirements Project
Period Ratio·to. : Costs Ratio to
Years 10-Year R. P. lO-:Year R.P.

10 1.00 1.00

25 1.35 1.18

50 1.94 1.47

100 2.31 1.65

These relationships similarly apply to unlined earth section channel
improvements •
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TABLE 11
CUBIC YARDS CONCRETE REQUIRED PEll LINEAll rOOT

. OPEN REcrANGULAR CONCRETE LINED CHANNEL
TO PROVIDE CAPACITIES FOR FLOODS OF VARIOUS RETURN PBRIODS .

DEPTHS OF FLOW - FEET

Return
d. 11.0 d • 10.0 d • 9.0 d • 8.0 Host Efficient Sectiona

Period Q Ratio to nY Cu. Yda. D Cu. Yds. D Cu. Yds. D Cu. Yds. D Cu. Yda. Ratio to
!!!!:L ...ill- 10-Year. I) Per L.P • i)' Per L.P. i) Per L.F. i) Per L.F. I) Per L.F. lO-Year

100 12,000 2. 3~.:
12.6 2.799 12.6 2.799 1.5960 60

50 10.100 1.94. 12.6 .2.628 11.5 2.459 11.5 2.459 1.40"'S3 60 60
25 7.000 1.35. 12.5 2.275 11.4 2.059 10.3 2.064 9.2 2.100 11.4 2.059 1.1739 ""'ii'4 "50 58 -44 ;

10 5.200 1.00.-.
12.5 2.079 11.4 1.814 10.2 1.759 9.1 1.875 10.2 1. 759 1.00 .'

" 3'l 34 39 45 39

DEPTHS or FLOW -'PEET

d • 9.0 d • 8.0 d .. 7.0
Q Ratio to D Cu. Yda. !!. Cu. Yda. D Cu. Yds.

Yeara --E.!!- 10-Year i)' Per L.r. l Per L.P. l Per L.P.

100 4,000 2.31 10.2 1.563 9.1 1.554 8.0 1.53931 36 43
50 3.400 1.94 10.2 1.489 9.1 1.456 8.0 1.39228 32 J7
25 2.300 1.35 10.1 1.256 9.0 1.230 8.0 1.14720 23 27
10 1.700 1.00 10.1 1.232 9.0 1.201 7.9 1.03816 18 21

d • 6.0 Hoat Efficient Sections
D Cu. Yds. D Cu. Yds. Ratio to
I) Per L.r. i) Per L.r. 10-Year

6.9 1.691 8.0 1.539 1.4952 43
6.9 1.531 8.0 1.392 1.3445 37
6.8 1.206 8.0 1.147 1.1132 27
6.8 1.035 6.8 1.035 1.002S '25

1/ D· depth of channel aection. including freeboard. in feet.
Channel alope • 0.002 ft/ft. All velocities less than critical.

b .' width of channel. feet.
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PROJECT INSTAllATION PRIORITIES

The preferred sequence for project installation to control flaods in the study area is:

1• Buckhorn-Mesa P. L. 566 Project Structura I Measures (Spook Hi I( floodwater

retarding reservoir and appurtenant diversions and outlets).

2. Roosevelt Water Conservation District Floodway - progressive installation

from the Gila River to Brown Road.

3. Gila Drain progressive installation from the Gila River to Western Canal

Floodway

4. Baseline Road - Western Canal Floodway from its junction with Gila Drain.
to junction with Eastern Canal Floodway.

5. Eastern Cana I Floodway to Base line Road.

6. Consolidated Canal Floodway to Baseline Road.

7. Laterals into Western Canal Floodway from the area below the Consolidated

Canal Floodway.

s. Lo~cal drains along Warne~, Ray and Williams Field Roads which discharge

directly into Gila Drain.

9. Pecos Road Floodway from its junction with Gila Drain: to junction with

Eastern Cana I Floodway•

10. Eastern Canal Floodway from Baseline Road to Pecos Road Floodway.

11. Consolidated Canal Floodway from Baseline Road to Pea:>s Road Floodway.

12. Local drains between Pecos Road Floodway and Hunt Highway Drain

which discharge directly into Gila Drain.

13. Hunt Highway Drain

This sequence for project installation is preferred on the basis that the installation of

each project element wi II not cause damages because of unnatural concentrations of flood

flows without continued control to a safe outlet. Variations from this sequence can be

made to meet the requirements for immediate needs if temporary provisions are made to

assure that safe outlets arp. nrovif1Pr! _ 46



INTERIM FLOOD CONTROL MEASURES

It will be some time in the future before all of the project strucn.al measures for flood

control considered in this study can be installed practically.

The Public Law 566 projects that are approved for construction can be installed as rapidly

as provisions are made to meet other costs than those that are federally funded under provisions

of Public Law 566, and as Public Law 566 funds become available. The completion of the work

plan for a Public Law 566 project on Lower Queen Creek and obtaining approval for construction

will further delay the installation~of the anticipated structural meas..-es for this project. The

installation of all structural measures included in these Public Law 566 projects will provide

control of major floods from the eastern part of the area to the Roosevelt Water Conservation

District Canal and flood protection for the community of Guadalupe and freeway I-lOin the

western part.

The major immediate need for flood control measures in the area west of the Roosevelt Water

Conservation District Canal is an outlet to the Gila River for concentrations of runoff from this

area. Expanding urban development is causing greatly increased amounts of runoff because of

reduced infiltration rates. Other developments that are needed because of the increased

population, such as the Superstition Freeway, cause concentrations of this runoff which greatly

increase the damage potential if stable outlet channels with adequate capacities are not provided.

Federal assistance in providing an outlet to the Gila River and the major collector channels

and floodways in the area west of the Roosevelt Water Conservation District Canal will probably

be delayed for the longest period of time because of the time required for project planning, review

and approval. In the interim between the present time and the completion of these structura I

measures temporary measures will be required to permit continued urban development and associated

improvements •
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The cities of Tempe and Mesa are beginning to require that any new subdivision development

provide for the control and non-damaging disposal of runoff from their development. The plan

ning of these subdivisions provides for the storage and infiltration of runoff from each residential

lot on the lot and for runoff from the subdivision streets to be collected in holding reservoirs

from which the water is to be pumPed into available outlet channels, such as the irrigation water

supply canals, at rates that can be accommodated in these outlets.

The capacity requirements on the lots and in the holding reservoirs is based on the runoff that

is estimated to occur from the SO-year return period flood. The 5O-year return period, 24-hour

duration, precipitation intensity estimated for this area is 3.4 inches. The estimated runoff from

a 7,000 square foot residential lot for this 24-hour precipitation intensity is about 1,000 cubic

feet and this volume of temporary storage capacity would be required. The infiltration rates in

this area range from about 0.15 inch to 0.40 inch per hour which provides the basis for estimating

the area required for the storage basins.

For a one half square mile urban development temporary storage capacity of about 10 acre

feet would be required in a holding reservoir to contain the runoff from subdivision streets.

The application of this requirement to new subdivision developments would limit the uncontroll

ed runoff to that from the major roads at one mile and half mile intervals. This will maintain the

amounts of runoff with urban development to about that which occurs with agricultural use of the

land. The application of this requirement to lands under the jurisdiction of fv\aricopa County

would help to alleviate the flood problems caused by urban development on these lands.

The most immediately urgent runoff problem is to provide for disposition of concentrations of

runoff from the City of Mesa north of the Superstition Freeway alignment at freeway culvert cross

ings. With the rigid application of the requirement that new subdivision developments contain

their runoff, the probability of runoff from the areas east of the Consolidated Canal breaching the
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Eastern and Consolidated Canals and entering this area will not be greater than it is under

existing conditions. These canals with their small protecting floadways have capacities to

divert the more frequently occurring runoff without breaching.

The plan for the control of runoff after the Gila Drain and the major floodways have been

installed is for the storm drainage collector system in the City of Mesa to discharge at culvert

crossings through the Superstition Freeway. Superstition Freeway crossings can be provided at

points where the freeway profile permits these crossings, which is generally at intervals of

about one mile. Chonnels from these culvert crossings would connect with the Western Canal

Floodway.

In the interim prior to the provision of outlet capacities in the Western Canal Floodway and

the Gila Drain, the concentrations of flood flows through the freeway culverts create a disposal

problem. It is proposed that an interim solution would be to collect the storm runoff on the north

side of the Superstition Freeway with collector systems as they become installed or by dikes to

direct the accumulated flows to the culvert crossings. The culvert outlets would discharge into

channels which would terminate at temporary storage ponds. The accumulated storm runoff would be

pumped from these ponds at rates which could be accommodated in the Western Canal and the Gila

Drain.

Plate 8 illustrates the concept for accumulating storm runoff from the north side of the freeway

at the freeway culvert crossings. Table 8 summarizes the estimated peak flood flows and volumes

of runoff for concentration points at these culvert crossings for various return periods. The

tempora.ry storage ponds would have capacities to contain the volt.mes of runoff estimated for the

flood having the return period from which full protection is considered necessary. This may vary

between ponds depending upon the damage potential in the event that the capacities of the ponds

were exceeded. It is probable that pond capacities should not be less than the volumes of runoff

estimated for the 10-year return period flood.
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This concept of controlling the runoff concentrations at freeway culvert crossings will

pennit control with temporary storage ponds to be accomplished incrementally as the freeway

installation progresses.

The Gila Drain has very limited capacities under existing conditions in some reaches

from the outlet of Western Cana I to the Gi la River. An interim improvement of the Gi la

Drain to contain at least the capacity of Western Canal would provide better temporary out

let conditions for natural runoff and for pumped releases from temporary storage ponds. The

capacity of Western Canal is estimated at 500 cubic feet per second. Some reaches of the

Gila Drain have capacities of 55 cubic feet per second or less.

When the concept of the ultimate channel system has been firmly established and rights-of

way locations are determined, interim channel improvements to contain the more frequently

occurring floods may be installed to alleviate the more immediate problems.

Priorities for these interim improvements should be considered as follows:

1. Reduce the runoff from new subdivision developments by on-lot retention

and accumulation of street runoff in temporary retention ponds as currently

practiced by the Cities of lv\esa and Tempe; and expand the application of

this requirement to lands under the jurisdiction of Maricopa County. This

will assist in maximizing the effectiveness of existing outlet facilities and

reduce the possibility of flood flows breaching the Eastern and Consolidated

Canals and entering the City of Nlesa.

2. Progressive installation of facilities to control the runoff from the City of

Mesa at culvert crossings as the installation of the Superstition Freeway is

extended to the east.

3. Increase capacities in the Gila Drain to accommodate flows from the

Western Cana I.
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4. I'Aake interim improvements to relieve loee I flood problems within the pattern

of the channel system. concept for ultimate improvements.
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CONCLUSIONS AND RECOMMENDAnONS

The rapid change of land use in this area from agriculture to urban CXluses progressively

larger amounts of runoff, and the urban development increases the potential for damages

when floods occur. The need for an integrated system of flood control measures to provide

protection for existing development and anticipated future development is urgent.

A major part of the flood problem would be solved with the installation of the remaining

structural measures included in the three Public Law 566 projects in the eastern part of the

area which have been approved for construction by the Congress of the United States. These

completed projects will control the runoff from the entire area east of the Roosevelt Water

Conservation District Canal and discharge it through a floodway constructed above the

Roosevelt Water Conservation District Canal and extended through the Gila Indian Reservation

to the Gila River.

Senate Bill 1104, recently approved by the Legislature of the State of Arizona provides for

making allocations from the general fund for flood control projects to pay for one-half the

cost of lands, easements, and rights-of-way necessary for the construction of flood control

projects adopted and authorized by the Congress of the United States and recommended by the

Arizona Water Commission and approved by the Legislature as Congress makes available funds

for their construction. This bill appropriates $1,350,000 for the Roosevelt Water Conservation

District Floodway project and $1,000,000 for the Buckhorn-Mesa project to the Arizona

Water Commission to carry out the provisions of this act. These funds in combination with

local matching funds will provide a major part of costs other than those funded under provisions

of Public Law 566 for the completion of these projects.

It is recommended that the procurement of rights-of-way for these projects be expedited so

that their installation can be completed as rapidly as Public Law 566 funds are made available.
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The Soil Conservation Service. is presently developing a work plan for the lower Queen

Creek project to provide a floodwater retarding reservoir to control th~ runoff from the drainage

area of Queen Creek below Whitlow Dam. The installation of measures considered for inclusion

in this project would complete the control of runoff from the entire area east of the Roosevelt

Water Conservation District Canal between the Salt River and the Gila River.

It is recommended that the Soil Conservation Service be urged to expedite the completion of the

lower Queen Creek watershed work plan.

The Guadalupe Public Law 566 Project has been approved for construction by the Congress of

the United States and rights-of-way are presently being procured.

It is recommended that completion of rights-of-way procurement be expedited and that the

Soil Conservation Service be urged to proceed with installation of the project measures.

This study has indicated the engineering feasibility of controlling the runoff from the area

west of the Roosevelt Water Conservation District Canal with a combination of collector

systems and floodways discharging into an outlet to the Gila River. The major elements of

this system include a f100dway along Baseline Rood and Western Canal alignment; a floodway

along Pecos Road; and a floodway along Hunt Highway; all discharging into a common outlet

designated as the Gila Drain to the Gila River. These projects are of such magnitude that

federal assistance may be obtained through the flood control assistance programs of the

Corps of Engineers and the Soil Conservation Service.

It is recommended that these potential projects be discussed with representatives of the Corps

of Engineers and the Soil Conservation Service. On the basis of these discussions it should be

53



,
.;.

determined from which agency assistance should be reqUested for all ~r parts of the needed

improvements. It may be that assistance from both agencies may be requested ?ased upon

an appropriate division of the area.

The project elements were formulated on the basis of providing capacities to contain the

runoff estimated to occur with the l00-year return period floods under conditions of anticipated

urban development. Estimates of installation cost were made for unlined earth section channels

and for concrete lined channels with rectangular and trapezoidal sections. The least capital

cost for improvements is required for unlined earth section channels. However, operation

and maintenance costs are much higher for earth-section channels than for concrete lined

channels, greater widths of land for right-of-way are required and bridge costs are much larger

because of the longer spans required.

It is recommended in project development that all of these factors be considered especially for

presently or anticpated intensively urbanized areas where frequent bridge crossings are required

and the relatively wide earth section channels may have an adverse environmental impact.

In the hydrologic analysis for this study runoff was estimated for the l00-year return period

flood and other return periods for some areas under specified conditions of anticipated urban

development. This was accomplished using the Soil Conservation Service computer program,

TR-20, Hydrology for Project Formulation. In the interim between the present and the time

that the ultimate projects are installed interim improvements may be required to control the

more frequently occurring floods under condtions of urban development varying from those

used in this study.
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U is recommended that the Flood Control District of Maricopa County obtain the computer

program, TR-20, Hydrology for Project Formulation for use with the County1s IBM 1130.
computer. With the parameters established in this study for hydrologic analysis adjustments

can be made to obtain runoff estimates for other return periods and intensities of urban

development.

Interim improvements will be required between the present and the time that the ultimate

projects are installed to permit the continuing development of the area.

At present the cities of Mesa and Tempe are requiring that new developments require the

containment of runoff from individual residential lots on the lots until it infiltrates or

evaporates; and the runoff from subdivision streets in ponds to be disposed of at rates

compatible with the capacities of existing outlet facilities. These requirements tend to

neutralize the effects of urban development in increasing runoff 10 outlet channels.

It is recommended that M.aricopa County establish similar requirements for urban development

on county lands.

The development of the Superstition Freeway could continue without causing increased

flood damages due to concentrations at culvert crossings if these flood volumes were

temporarily stored in ponds and released at rates compatible with capaCities of existing

outlet channels.

It is recommended that the City of Mesa and the State Highway Department obtain agreement

with regard to responsibilities for the disposal of these flood volumes as to permit the continued

construction of the Superstition Freeway.

55



(

(
i

\
r

!
j -'-- . .:~ /;1'.1 '/ E.

_ ..... -# •••

GILA RIVER AND TRIBUTARIES, ARIZONA AND NEW MEXICO

INTERIM REPORT
ON

SURVEY FOR FLOOD CONTROL

PHOENIX J ARIZONA AND VICINITY
(INCLUDING NEW RIVER)

(WITH APPENDIXES)

.---'
"'--"

u. S. ARMY ENGINEER DISTRICT, LOS ANGELES
CORPS OF ENGINEERS

JANUARY 15. 1964

I~JI) \. l,J .

42



INTERD-1 REroRT OF THE DISTRICT ENGINEER
ON SURVEY FOR FLOOD CON'IROL

PHOENIX, ARIZ., AND VICINITY (INCI1JDING NEVI RIVER)
GILA RIVER BASIN, ARIZ. AND N. ME"'''{.

SYLLABUS

This interim report, submitted pursuant to act of Congress,
Public Law' 761, 75th Congress, approved June 28, 1938, considers
the flood problems in the Phoenix, Ariz., metropolitan area.

The district engineer finds that a serious flood problem
exists along Dreamy Draw, Cave Creek, and Skunk creek, and along
the New and the Agua Fria Rivers where intensively developed urban
and agricultural areas within and adjacent to the city of Phoenix
are subject to damage. The flood channels of Dreamy Draw and Cave
Creek disappear at the Arizona Canal and not even a trace of a
stream is evident downstream. The area downstream from the canal
is now intensively developed with urban-type property - predomi
nantly residential, commercial, and industrial improvements.
Floods along Skunk Creek and along the New and the Agua Fria Rivers
cause damage mostly to agricultural-type property, except in the
communities of peoria and Avondale. Because of the continued rapid
grmrth in the overflow area, damages under future conditions will
be considerably greater than under present conditions.

After consideration of the plans proposed by local interests,
the district engineer - in cooperation with the Flood Control
District of Maricopa County - developed a comprehensive flood
control plan for the Phoenix metropolitan area to serve as a frame
work for all flood-control work in the area. A report covering
phase A of that plan - comprising a flood channel along Indian
Bend \-lash from the Arizona Canal to the Salt River - was completed
April 15, 1962. The district engineer now finds that economically
feasible protection can be provided by the construction of phase B
of the comprehensive plan, comprising (1) the Cave Creek, the
Skunk Creek, the Ne'Yl River, and the Dreamy Draw Dams; (2) the Union
Hills and the Arizona Canal diversion channels; and (3) the Cave
Creek, the Dreamy Draw, the Skunk Creek, the New River, and the
Agua Fria River channel improvements. He finds that the proposed
plan of improvement would prevent about 89 percent of the Fotential
damage in the area.

The district engineer estimates the total Federal first cost of
the project at $59,680,000 (Octoher 1963 prices) for construction and
the total non-Federal first cost at $1l,120,000 (Octorer 1963 prices).
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He estimates the total average annual charges at $2,740,000, includ
ing an average charge of $228,000 annually for maintenance and opera
tion of the improvements. He estimates the average annual beIlefits
that ,muld accrue from the prevention of flood damages and from the
increased utilization of land at $8,210,000. He estimates that the
ratio of average annual benefits to average annual charges would be
3.0 to 1 on the basis of tangible benefits alone. Intangible bene
fits would add weight to the justification.

The district engineer recommends that the United states adopt
a project for the control of floods along Cave and Skunk Creeks
and along the New and the Agua Fria Rivers within the metropolitan
area of Phoenix, AriZ., as previously described, subject to the
condition that local interests supply assurances satisfactory to the
Secretary o~ the Army that they will provide - without cost to the
United States - all lands, easements, and rights-of-way necessary
for the construction and subsequent maintenance and operation of
the project at a cost estimated at $7,320,000; perform - without
cost to the United states - all necessary construction or relocation
of highways, roads, bridges, utilities, and all necessary street
modifications required in connection with the project, at a cost
estL~ated at $3,800,000; hold and save the United States free from
d~iages due to the construction works; maintain and operate all the
works, after completion, in accordance with regulations to be pre
scribed by the Secretary of the Army, at an average annual cost
estimated at $228,000; prevent any encroachment upon the improved
c~annels or within the detention-basin areas that would reduce
their flood-conveying or storage capacities; and hold and save the
United states ~ree from all dan~ges arising from water-rights claims
resulting from construction, maintenance, and operation of the
project.

The district engineer further recommends that the recommended
detention basins be modified to provide fish-and-wildlife and
recreational facilities upon the finding of economic justification
by the Corps of Engineers in cooperation with appropriate State
and Federal agencies.
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U•S. ARMY ENGINEER DISTRICT, LOS ANGELES,
CORPS OF ENGINEERS,

OFFICE OF THE DISTRICT ENGINEER,
Los Angeles, Calif., January 15, 1964.

Subject: Interim report on survey for flood control, Phoenix, Ariz.,
and vicinity (including New River), Gila River basin, Ariz.

Through: The Division Engineer, U.S. Army Engineer Division,
South Pacific, San Francisco, Calif.

To: The Chief of Engineers, Department of the Army, Washington, D.C.

AUTHORITY

1. This report is subcitted pursuant to act of Congress,
Public Law 761, Seventy-fifth Congress, approved June 28, 1938,
which reads in part as follows:

SEC. 6. The Secretary of War is hereby authorized and
directed to cause preliminary examinations and surveys for
flood control including floods aggravated by or due to
tidal effect at the following-named localities, * * *:

}i.;;~':~ '.'

~$::~,~
";:: ::~:-. . ..

"'-"'~"'''.~.f!J •
'!b'Q~~,..

* * * * * *
Gila River and tributaries, Arizona and New Mexico.

* * * * * * *

)

2. The survey for the Gila River basin is being covered by
means of interim reports, review reports, and a final comprehensive
report. Seven interim reports have been submitted to Congress, as
follows: (a) Tucson, AriZ., and vicinity, dated November 20,1945;
(b) Queen Creek, AriZ., dated February 2, 1946; (c) Gila River and
tributaries below Gillespie Dam, Ariz., dated September 1, 1948;
(d.) lower Agua Fria River and vicinity, Arizona, dated December 10,
1952; (e) Gila and Salt Rivers, Gillespie Dam to McDowell damsite,
Arizona-; dated December 4, 1957; (!) Gila River with particular
reference to a dam at or near the Camelsback site, Arizona, dated
:May 1, 1960; and (~) Pinal Creek and tributaries, Arizona, dated
September 15, 1961. Three review reports have also been submitted
to Congress, as follows: (a) Gila River, Camelsback Reservoir site
to Salt River, AriZ., dated-December 31, 1957; (b) Tucson, Ariz.,
and vicinity, dated January 26, 1959; and (£) Gila River and
tributaries d0W11stream from Painted Rock Reservoir, Ariz.,
dated April 1, 1961.

<:., ;.-
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3· Two interim reports have been completed by the U.S. Army
Engineer District, Los Angeles, and are being processed for submis
sion to Congress, as follows: (a) Indian Bend :·fash, Ariz., dated
April 15, 1962, and c:~) Santa Rosa \-lash, Ariz., dated August 1,
1962. ;,Jork on an interim report for Vlillcox, Ariz., and vicinity is
under way.

4. This interim report considers the Phoenix metropolitan
area. The final comprehensive report for the entire Gila River
basin will include summaries of findings and conclusions in all
interim and review reports, consideration of problems in areas not
covered in any interim report, and analysis of the interrelation of
problems and plans of improvement in all parts of the Gila River
basin.

SCOPE

5. Geographical scope.--The Flood Control Act of June 28,
1938, authorized an investigation for flood control in the entire
drainage area of the Gila River and tri~utaries, Arizona ~d New
Mexico. On the basis of the authorization in that act, the Chief
of Engineers, on November 20, 1958, authorized an interim investi
gation limited to the New River, Ariz., and then on October 16,
1959, authorized an interim investigation of Phoenix, Ariz., and
vicinity - combilling it with the interim investigati on on the
New' River.

6. Investigations descr~bed in this interim report were made
to (a) develop a comprehensive plan that will serve as a framework
for ail flood-control ",ork in the Phoenix metropolitan area and
(b) develop in detail that part of the comprehensive plan under
which protection ",ould be provided for areas along Cave Creek,
Dreamy Dravl, unnamed washes in Deer Valley, Skunk Creek, the New
River, and the Agua Fria River - all of which have urgent flood
problems. The plan of improvement recommended in the interim
report for Indian Bend Ttl ash, Ariz., would be a part of the compre
hensive plan. A field inspection of the Phoenix area was made by
the district engineer.

7. Functional scope.--Primary consideration was given to the
need for flood control and the solution of flood problems. Hater
conservation features could not be developed because of the inade
quacy of flow in the area. The development of hydroelectric power
was not considered because the runoff from the relatively dry
drainage areas considered in this report, combined with the high
evaporation rate, would produce power of a negligible amount and
of a highly inter.mittent nature

8. Recreation and fish-and-wildlife aspects were considered
in the studies for this pl'o.ject.

.,
\
/
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P:'\lOR REroRTS

9. Interim and review reports submitted or under preparation
as portions of a final comprehensive report of the entire Gila River
basin are listed under a preceding heading, "Authority.1I Of these
reports, the report on Indian Bend Hash, Ariz., now nearing comple
tion, and the report on Gila and Salt Rivers, Gillespie Dam to
McDowell damsite, Arizona, dated December 4, 1957 (see H. Doc. 279,
86th Cong., 1st a,ess.), cover the Phoenix metropolitan area. Perti
nent information on each of these reports is given in the follol-dng
subparagraphs.

(~) Indian Bend Wash, Ariz. --The report on Indian Bend Wash,
Ariz., recommends construction of a channel improvement along Indian
Bend vlash from the Arizona Canal to the Salt River to control all
floods up to and including 40,000 cubic feet per second.

(~) Gila and Salt Rivers, Gillespie Dam to McDowell damsite,
Arizona.--The improvements recommended in the report on Gila: and Salt
Rivers, Gillespie Dam to McDcwell damsite, Arizona, were authorized
by the Flood Control Act of July 14, 1960. The project includes.
(1) levees along the Salt Riyer in the vicinity of Phoenix and Tempe,
Ariz. ; (2) cleared floodway a.long the Salt and Gila Rivers between
Granite Reef Dam and Gillespie Dam; an.::1. (3) low-flow channels along
parts of the cleared flocdway.

(c) Recent studies by the Bureau of Reclamation, in cooperation
with the Corps of Engineers, indicate the economic justification of
a multiple-purpose reservoir at the ~~xwell site (formerly called
McDowell) on the Salt River, just below the mouth of the Verde Riyer.
With construction of this reservoir, levees along t~e Salt RiYc~, as
authorized by the 1960 Flood Control Act, are no longer required.

(~) The improvement of the Gila River, from the mouth of the
Salt River to Gillespie Dam, would assist in carrying flows conveyed
by the plan of improvement recommended in this report through the
agricultural area along the Gila River.

10. One of the streams under investigation in this interim
report is the Agua Fria River, which is in the vicinity of Phoenix.
Floodflows on Trilby vlash are controlled by McMicken Dam, and result
ant outlet discharges are conveyed to the Agua Fria River - as recom
mended in the interim report on the lower Agua Fria River and Vicinity,
Arizona, dated December 10, 1952 (see Col!lIllittee Print dated March 30,
1953, 83d Cong., 1st sess.). Trilby Wash flows have only a minor
effect on flows considered in this interim. report.

DESCRIPrION

11. Location and extent.--The Gila River basin, the largest
drainage area tributary to the lower Colorado Ri.ver, includes "the

3
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southern half of Arizona and a part of southwestern New Mexico. The
drainage area of the basin comprises about 58,200 square miles 
compris~~ 5,600 in New Mexico, 51,500 in Arizona, and 1,100 in
Sonora, Mexico.

12. The Salt River basin, with a drainage area of 16,040 square
miles, and the Agua Fria River basin, ,vith a drainage area cf 2,340
square miles, contribute to the flood problem in the Phoenix metro
politan area. The comprehensive plan of improvement would provide
for the control of the Salt River, the Agua Fria River, and their
major tributaries in the Phoenix metropolitan area (an area of more
than 500 square miles including - in addition to the city of Phoenix 
the cities and communities of Mesa, Tempe, Scottsdale, Glendale,
Peoria, Avondale, and Tolleson).

13. That part of the drainage area considered in this interim
repo::-t comprises the following C-;.~as involved in urgent flood prob
lems in metropolitan Phoenix: T:t.e drainage area of Cave Creek
(270 squa-re miles); the drainage area of the Agua Fria River a.:ld its
tributaries, the New River and Skunk Creek (2,340 square miles); and
the drainage areas of several small unnamed tributaries draini.nl$
into the Salt River from the north at Phoenix (120 square miles).
Those drainage areas, which are in Maricopa and Ya:vapai Counties in
south-central Arizona, have a north-south length of about 80 to 90
miles and an east-west width of about 20 to 25 miles. (See index
map, pl. 1, at the end of the main report.)

14. Streams.--Pertinent information on the streams considered
in detail in this interim report is given in the following subpara
graphs.

(2:) Agua Fr:'a. River.--~he Agua Fria River, the largest
stream studied in this report, will serve as an outlet for all water
proposed to be diverted from the Phoenix metropolitan area. This
report is only concerned with that part of the Agua Fria River below
the mouth of the New River, a distance of about 10 miles.

(£) The Agua Fria Riyer rises about 7,000 feet above sea. level
in the mountains of central Arizona and flows southward for about
130 miles before emptying into the Gila River about 4 miles down
stream. from the mouth of the Salt River, at elevation 910 feet. The
course of the stream is about equidistant between two para.llel moun
taiu ranges that form the eastern and western boundaries of' the
c.rai:t:!.age area. Tributaries, except for the New River, are generaJ.l;v
sh:>rt.

(.£) Ne'J River.--The New River, the major tributary of the .Agua
Fria River, rises in the New River Mountains about 40 miles north
of Phoenix and flows generally southward for about 40 miles to i~s

confluence with the Agua Fria River, about 15 miles west of F.l1oenix.
Its :irair;.age aree.. is 350 s<r...:are :::j.J.es_.

)
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(~) Skunk Creek. --Skunk Creek, the major tributary of the
Ne'T River, rises in the New River Mountains about 35 miles north
of Phoenix and flows generally southwestward for about 30 miles to
its confluence 'With the New River about 15 miles northwest of
Phoenix. The drainage area is 140 square miles.

(e) Cave Creek.--Cave Creek rises in the New River Mountains
and flows generally southward for about 48 miles, passing through
the center of Phoenix before entering the Salt River. The drainage
area is 270 square miles.

CO Dreamy Draw. --Dreamy Draw, a tributary of Cave Creek,
rises in the Phoenix Mountains and flows generally southeastward
for about 5 miles to its confluence with Cave Creek in Phoenix.
The drainage area is 5 square miles.

(~) Other streams.--Several small, l..mnamed washes between
the Agua Fria River and Cave Creek rise on the broad alluvial cone
between those two streams, not more than 10 miles north of the
Salt River, and flow generally southward through an area west of
Phoenix to the Salt River.

15. The Salt River, a major tributary of the Gila River,
flows through Phoenix. Although detailed consideration in this
report is not given to the Salt River, it now serves as the main
outlet channel for Cave Creek and other relatively minor washes
described in the preceding paragraph.

16. Streamcharacteristics.--In general, stream slopes are
steep in the mountains, resulting in high-velocity flows that cut
deep, 'fell-defined channels. On the moderate slopes of the valley
plains, the material cut from the mountains has been redeposited
in alluvial cones with poorly defined channels adequate for only
small flows. In ·addition, where urban development has taken place,
the stream channels have been almost entirely eliminated by street
and subdivision grading. Surface flow in all streams considered in
this report is intermittent and usually occurs only after heavy
precipitation.

17. The natural channels of Cave Creek, Dreamy Draw, and of
the washes west of Cave Creek have been obliterated by development
in the reaches just downstream from the irrigation canals. Skunk
Creek, the New River, and the Agua Fria River still retain their
natural channels, each of 'Which has a nondamaging capacity of about
1,000 cubic feet per second. During times of potential flooding,
the irrigation ca.nals are operated so that they may intercept f1ood
flows. The Arizona Canal can intercept floodflo,'lS ranging from 600
to 1,500 cubic feet per second atld the Grand Canal can intercept
floodflo'fs of about 600 cubic feet ·per second. When runoff exceeds
that amount, flows are discharged over spillways or breaks occur in
the south banks of the canal, flooding the area downstream.

5
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18. Tonography. --Elevations in the drainage areas considered
in detail in this report range from about 1,000 feet at the Salt
River to about 7,000 feet in the headw~ters of the Agua Fria Rive~.

The mountains nor-th of Fnoenix rise to an elevation 01' abouJ
" 5,000

feet. The valley regic~ is ct~acterized~y sccrt rugGed mountains
and broad i!ltermc'.l1ltain alluvial plains.

19. Geology and soils. --The rocks in the mou.."ltains of the head
waters of the streams are schists, granites, and volcanics. The
volcanics consist of basalts, tuffs, and agglomerates. Some of the
outlying ridges and hills are composed of greenstone.

20. A large part of the area is covered by alluvial deposits
of a great. but undetermined thickness. Deep holes drilled at various
places in the lower valleys have penetrated up to 1,000 feet or more
of valley fill below the surface of the alluvial plain. Rocks of a
character similar to those of the adjoining mountain ranges probably
underlie the alluvial deposits.

21. The deep dissection of the valleys in the mountains and
the great extent of the alluvial apl'ons suggest that the area under
consideration has had a long, stable history. Although considerable
evidence of ancient folding and faulting is seen in the outcrops of
the older rocks, no recent seismic actiVity in the area under con
sideration is recorded.

22. The alluvial materials in the streambeds are mostly sand
and gravel that contain cobbles and some boulders near the mountains.
The alluvial materials in the valleys are mostly sand and silty sand
that contain varying amounts of caliche.

23. Vegetation. --Natural vegetation in the area is sparse.
Cactus, creosote bush, sagebrush, and paloverde are the dominant
desert plants. Irrigation canals and wells that serve much of the
plain area have permitted development of productive farmland and
landscaped residential tracts.

ECONOMIC DEVELOFME1"l'T

\,

24. Population.--The principal population centers affected by
improvements considered in detail in this report are the city of
Phoenix, the town of Peoria on the New River, and the tmm of )
Avondale on the Agua Fria River. The population in the general area
is increasing at a tremendous rate. Population estimates for the
city of Phoenix and for Maricopa County for the years 1940, 1950, 1960,
and 1963 are give"n in the follmn.ng table. Shown also is the growth
of the incorporated area of the city of Phoenix.
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Year
Incorporated
area - city
of Phoenix.

Population

City of Phoenix Maricopa County

.~ ;.

1940*' ..........•.. :
J.950*' •.••.•.•••••• :
1960*" ••••••••.•••• :
196~ ......•.... ~:

Square miles
9.6

17·1
187·4
222.6

65,400
106,800
439,200
503,600

186,200
331,770
663,500
847,500

* U.S. Census estimates.
?E:* Estimate for March 1963 made by Planning and Zoning Department,

Maricopa County.

25. The preceding table shows that the population of -the city
of Phoeuix increased by about 310 percent from 1950 to 1960 and by
nearly 15 percent during the 3-year period from 1960 to 1963. The
growth of Maricopa County is equally impressive. The Valley National
Bank, which maintains a highly regarded statistical department, esti
mates that the population of Maricopa County will be 2,000,000 by
1980. The growth of the incorpora:bed area of the city of Phoenix
should be noted - this growth from 1950 to 1963, a l.3-year period,
amounted to 1,200 percent. This growth, which resulted in the con
version of agricultural and desert properties to urban uses; is one
of the principal reasons for the aggravation of the flood problem in
the Phoenix area. (For additional information on population and
growth, see appendiX 4.)

26. Occupations and industries .--The percentage distribution of
the labor force in Maricopa County for 1958 and 1980, as estimated by
Western Business Consultants, Inc., is given in the following table:

Estimated percentage
distribution of

labor force

.'.,.:, 'f

": ~~': .. ~ .

)

Occupation

Agriculture ...........•................•....
Contract construction and mining ••••••••••••
Man.ufacturing •..•....••••...•••.•••••.••..••
Transportation, communication,

and public utilities •••.•.•..•••.•.••••••.
'Wholesale trad..e .........•..........•...••...
Retail trade. ~ .
Finance, insurance, and real estate •••••••••
Service .
Government (civilian and militar,y) ••••••••••

Total. .

7

1958

12
8

13

6
5

19
5

16
16

100

5
6

18
5

16
-n
100



27. Continued industrialization is shown by the decline in
agriculture and the large increase in manufacturing. Several major
plants have located in the Phoenix area since VIorld l'lar II, notably
the General Electric Computer plant, the Reynolds Aluminum extru
sion plant, the Motorola Electronics center and research laboratory,
and the Sperry Rand Company. Tourism has always been important in
Phoenix and adjacent areas because of the favorable winter climate
and the picturesque surroundings. Tourist accommodations are avail
able for more than 35,000 people, and many excellent restaurants and
nightclubs are available for dining and entertainment needs. Agri
culture in the Phoenix area, which has oeen the dominant industry in
the past, is assuming a lesser role in the economy of the area.

28. Land use and development.--The Reclamation Act of 1902 and
the subsequent authorization and construction of the Salt River proj
ect paved the way for development in the Phoenix area. The Salt River
project includes an area of about 240,000 acres, supplied with water
from the Salt and Verde Rivers and from about 270 wells that tap the
underground basin. The two rivers are controlled by six storage dams
(Roosevelt, Horse Mesa, IvX>nnan Flat, ani Stewart 1J"..ountain Da;ns on t.he
Salt River and Horseshoe and Bartlett Dams on the Verde River). The
total capacity of the s.ix reservoirs is about 2,100,000 acre-feet;
Roosevelt ReseI"'roir is the largest with a capacity of about 1, 380,000
acre-feet. The Granite Reef diversion dam, located about 3 miles
below the junction of the Salt and Verde Rivers, serves lands on both
sides of the Salt River by diversion to the Arizona Canal on the north
side and the South Canal on the south side. Other subsidiary canals
divert from these two main canals. The Arizona Canal, which is the
high line canal on the north side, is involved in this report. It is
about 38 miles long and has a diversion capaci.ty of 2,000 cubic feet
per second. In the vicinity of Cave Cr2ek, the Arizona Canal has a
capacity of 600 cubic feet per second.

29. The amount of project land under cultivation in the Salt
River project reached a high of 227,000 acres in 1940. After "lork
\tIar II, however, agriculture began to decline with the tremendous shift
to urbanization and industrialization. The area under cultivation in
the Salt River project in 1962 amounted to only 146,300 acres, a
decline of 35 percent from the 1940 acreage. Estimates prepared in
1958 indicated that the Phoenix urban land area was about 52 percent
developed, 29 percent vacant, and 19 percent agricultural. The area
along the Nev' River remains predominant::'y agricultural; however, its
nearness to Phoenix makes it ripe for urban development in the near
future and its present value reflects its prospective use for residen
tial and commercial purposes.

30. "'later and .power. --Water is supplied to the Phoenix urban
area by four municipal systems (Phoenix, Glendale, Tempe, and Mesa),
by the Salt River project, and by several private franchise companies.
The municipal systems serve the areas of urban concentration, and the
Salt River project and private companies serve scattered outlying

:.' :.. ,~:;. .'. .
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developments. Irrigation water for agriculture is obtained either
from :the Salt River project canal system or by pUIn:fing from the
underground water basin. Electric power is supplied by the Salt
River project and from the Arizona Public Service Company.

31. Transportation'facilities.--The Phoenix area is served by
an adequate net of local, State, and transcontinental highways.
Recent major street and highway improvements include an extensive
freeway system in the ilnmediate Phoenix area. That system has been
integrated with the transcontinental highways now passing through
the area. Both the South Pacific and the Santa Fe Railroads serve
Phoenix•. Four major air facilities, one municipal and three mili
tary, are within 25 mi-les of Phoenix. A multimillion-dollar expan
sion program was.re~ently completed on Sky Harbor Airport, the
municipal facility that provides complete local and transcontinental
air service.

CLTI-JAIIOLOGY

32. General. --Phoenix has an arid subtropical climate with a
frost-free gro,ving season of acout 280 days. Hinters are mild
with clear days and cool nights. Average wind velocities are low
to moderate except that high gusty winds may accompany thunder
storms, usually occurring during July and August. U. S. \'ieather
Bureau records for pr.oenix indicate a long-term average temperature
of about 70 degrees Fahrenheit, with the tenperature ranging from
17 degrees Fahrenheit in winter to 118 degrees Fahrenheit in s~mer.

Winter storms bring some rain, however, usually in light amounts.
Summers are hot, with daily temperatures over 100 degrees being
common. S~~er thunderstorms of hi~~ intensity but short duration
bring most of the annual rainfall. Eyen these amounts are usually
small; the greatest average monthly rainfall is 1.06 inches, occur
ring in August.

33. Precipitation records.--Precipitation records are avail
able for approximately 55 rainfall stations in and near the drain
age areas considered in this report. The longest record in the
general area is for the Phoenix Post Office, lvith 86 complete years
of record during the period 1876 to 1962, inclusive. Five record
ing gages are also in the area, the longest record (beginning in
1901) being also for the Phoenix Post Office. The 90-year mean
annual precipitation for stations in the general area, with records
of more than 5 complete years, ranges from 7.26 inches per year at
Phoenix Indian School, in the city of Phoenix, to 11.71 inches per
year at Bartlett D;3lll, about 35 miles northeast of the center of
Phoenix. The 90-year mean annual precipitation is about 7.4 inches
in downtown Phoenix, about 9.7 inches at existing Cave Creek Dam,
and about 24 inches in the upper part of the drainage area, with an
average of about 14,5 inches for the general area.

9 R. 4/7/64



34. Storms.--Three types of storms produce rain in the Phoenix
area: general ,·Tinter storms, general summer storms, and local
summer thunderstorms. General winter storms are the result of
weather fronts passing through the area from the Pacific Ocean.
Because these fronts must first pass over the coastal mountains,
much of their moisture has been lost by the time they reach the
Phoenix area. They reflect an orographic influence in their passage
and are of low intensity that may last several days. The general
winter storms, which occur betvleen November and April, frequently
cover the entire Gila River basin. Flooding along the larger washes
and rivers can result from these storms but does not usually occur
in the smaller drainage areas because of the low rainfall intensity.

35. In late surrmer or early fall, tropical storms origin..'l.ting
along the Mexican Pacific coast or the Gulf of Mexico can reach the
Gila River basin, producing the general summer storm with heavy pre
cipitation in large areas. They reflect orographic influence and
can cause flooding along small "lashes or large rivers.

36. The third tY'ile, local summer thunderstonns, is connnon in
the months of JUly through October but can occur at any ti!lle of year.
They cover comparatively small areas fu~d are of high intensity but
short duration, usually 3 hours or less, They produce many of the
destructive flash floods, well known in the southwest.

RUNOFF AND STREPj.1FLOH DATA

37. General. - -No adeCluate runoff records are available for the
drainage areas studied in detail in this report. Two stream gages
were installed recently: one in October 1957 on Cave Creek at
Phoenix about one-half mile upstream fror.! the Arizona Canal and the
other in December 1960 on the New River at the Black Canyon Highway.
No consistent or usable record is available for the existing Cave
Creek Dam. Records are available for Lake Pleasant Reservoir on the
Agua Fria River for 34 years. However, because of elevation and
other drainage-area characteristics, the Agua Fria drainage area
above Lake Pleasant is not typical of the drainage areas of immedi
ate concern in the investigations for tt.is report.

38. Adequacy of streamflow for multiple-purpose uses.--Little
streamflow occurs in any of the streams considered in this report,
except during and irr~ediately following periods of heavy rainfall.
The climatic and drainage area characteristics of this relatively
dry, low-average-rainfall drainage area with its high evaporation
rate are not conducive to continuous runoff.

R. 4/7/64 10
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FLOODS

39. Floods of record. --Only· incomplete and fragmentary data
are available regarding past floods along Cave Creek, along the
New River and the Agua Fria River, and in the tributary drainage
areas. Data on past floods in the Cave Creek drainage area and
along the New River were submitted at the public hearing held in
1959. These data came from newspaper files and from the files of
the irrigation districts and water-user associations in the area.
Data for the Agua Fria River were compiled from U.S. Geological
Survey \-later Supply Papers and other records. The following sub
paragraphs summarize the flood history for the three streams.

(a) Cave Creek.--Large floods are known to have occurred
along Cave· Creek in February 1905 and August 1921; small to
medium floods in September 1916, November 1919, January 1922, and
August 1943; and minor floods in 1935, 1949, 1951, 1952, and 1957.
No reliable estimate, however, is available of any of the floods
of record.

(b) Floodf'iows also originate from the unnamed washes drain
ing the slopes of the mountains east of Cave Creek and just north
of the Arizona Canal in the Sunny Slope-Dreamy Draw area. \-lhen
such floodflows were large enough to breach the Arizona Canal, they
became a matter of newspaper reco~d. Because runoff from this area
does not concentrate in anyone stream channel, estimates of dis
charge from any single flood are not. available. However, the size
and number of breaks in the canal serve as a measure of the rela
tive magnitude of these floods. Using this criterion, the floods
of JUly 1911 and of August 1943 are estimated to be large floods,
and the floods of July 1936 and of September 1939 are considered
to be medium floods. In addition, minor floods were reported in
1955, 1959, and 1961.

(c) New River.--Quantitative flood records for the New River
are meager. The largest flood of record, with an estimated dis
charge of 38,000 cubic feet per second measured at the highway
bridge at Peoria, occurred in August 1943; medium-sized floods were
reported in August 1951, July 1955, January 1957:1 and July 1957.
The peak discharge of the JUly 1955 flood was estimated at 12,000
cubic feet per second. Small floods were reported in June 1955 and
October 1956.

( d) Agua Fria River. --The Agua Fria River has a much more
complete record of floods. Two floods, one in January 1916 and
another in Nov~mber 1919, were the largest of record; each is
estimated to have had a dis~harge of 105,000 cubic feet per second
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at Avondale. Since l889} the records indicate five large floods
within the range from 50}OOO to 80}000 cubic feet per second} four
floods within the range from 30}OOO to 50}000 cubic feet per
second} and three floods within the range from 10,COO to 30}OOO
cubic feet per second. During that period} eleven additional
floods were reported but without any indication.of relative size.

(e) Lake Pleasant Reservoir, a water-conservation reservoir
witn a-capac~ty of l63}bOO acre-feet (1962)} was built by the
t.faricopa County l1unicipal \'Jater Conservation District No. 1
(Beardsley Project) in 1928. Since that date} one spill has
occurred} on April 19} 1941} when 500 acre-feet were discharged
over the spillway.

40. Flood characteristics. --l~ost floods in the drainage areas
under consideration are of the flash-flood type resulting from
thunderstorm rainfall that occurs unexpectedly} with little or no
time to warn affected communities of impending danger that may
result in loss of life end damage to property. However} flooding
can also occur from either general summer storms or general winter
storms over the area. Luration of flooding from thunderstorms
rarely lasts more than a few hours. Little streamflow occurs
except immediately following the heavier rains because climate and
drainage-area characteristics are not conducive to continuous runoff.

41. Because of steep gradients} stre~flow in the mountains
increases rapidly in response to high-intensive rainfall and causes
high-peak debris-laden floods to debouch onto the valley plains
below. As the flow reaches the valley plains} it spreads out as
overland flow} and a considerable amount of flow is lost to stream
bed percolation. The stream channels sx-e generally poorly defined
and are ade~uate to accommodate only minor flows. The percentage
of impervious area} especially in the lower reaches of the drain
age basin} is increasing appreciably because of the urban develop
ments ta~ing place. Vegetation} being sparse} has a negligible
effect on flood ~Jnoff.

42. Flood freq~encies.--Becauseof the lack of adequate
streamflow data for streams in the drainage areas under detailed
consideration in this report} discharge-frequency curves were
developed by utilizing (a) the incomplete data that 1{ere available
and (b) the discharge-freCluency curve 1Jreviously developed for
I'ThitlOw Ranch Dam on nearby Queen Creek} after making adjustments
to reflect differences in d=ainage-area characteristics. Discharge
frequency curves for Cave Creek and the New River and ffiore detailed
information on their development are included in appendix 4. The
estimated frequen0.ies of uncoutrolled floods of various magnitudes
for Cave Creek and the New Riyer are listed in the following table:

)
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Estimated flood frequencies, Phoe~ix, Ariz., and vicinity
(including New River)

Uncontrolled peak discharges

)

Number of times that
flow would be equalled
or exceeded in 100 yrs. Cave Creek

at
Arizona Canal

Cubic feet

New River
at

Highway 60
bridge

Cubic feet

)

per second per second
0.23' ••••••••••••••••••••••••• : *65,000 *126,000
1.00 .•••••.•••.•••••••• • •••••• : ..29,500 58,000
2.00 .••.••••••••••••••.••••••• : 19,500 38,000
5 .00. • .••.•••..•••••.••••.•••• : 10, 500 20, 500
9"•00. . .. .. .. .. .. : 6, 400 13, 000
10.00•••••.••.•••••••••..••••• : 6,000 11,500
15.00 : 4,000 8,000
20.00 ••••••••••••••••••••••••• : 3,000 6,000
35.00 : 1,500 3,ooq
45.00 •.••••••••••••••••••••••• : 1,000 2,000
58 .. 00 : **600 ..
64.00 : : **1,000

* Standard project flood under natural conditions.
** Nondamagi:lg,•.

43. Standard project flood.--A standard project flood is an
estimated or hypothetical flood that might be expected from the most
severe combination of meteorological and hydrological conditions
that are considered reasonably characteristic ot the. geographical
region involved, excluding extraordinarily rare coII1binations. Such
a flood could occur in the areas considered in this report if a
storm equivalent in magnitude to that of the largest storm of record
in the general region were to center critica1l.y over the drainage
area when ground conditions were conducive to a high rate of runoff.
The magnitude of such a flood constitutes a reasonable appraisal ot
the flood-producing potentialities of the streams considered in this
report and is considered a reasonable upper limit in determining
the size of the flood for which tlood-control improvements might be
designed.

44. Estimates of the magnitude of the standard project flood
for the areas considered in this report are based on calculations of
runoff that would result if a storm haVing characteristics of the
August 19, 1954, thunderstorm, which centered over the Queen Creek
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drainage area, were to center over the dramage areas considered
here. Detailed inf'ormation' on the determination of the standard.
project flood is given in· appendix 1. The peak discharges of uncon
trolled standard. project :(loods at pertinent points along the
streams under study are given in the following tab1.e:

Location

Along Cave Creek:
At Arizona Calla]. •..•.••••.••.••.•••••.•••••.••.•.:
At Grand Can.al. ...............•....•...... eo •••••• :

Along Skunk Creek, near mouth•••••••••.••••••••••• :
Along New River:

At Highw~ 60 bridge •••••..••••...•••••••••••••• :
Along Agua Fria River:

At Highway 80 bridge .••..•••.•••••••••.••••••••• :

* Under natural conditio~.

Phoenix Ariz.

Peak discharge*

~bi.c feet
per second

65;000
65,000
55,000

126,000

160,000

45. Maximum probable flood. --The maxiinumprobable flood in
terms of peak flow or volume for critical durations· is that flood
that would. result from the most severe combination c;>f meteorological
and ground. conditions considered possible of attainment in the drain
age area generally upstream from an improvement selected for study.
Further information on the maximum. probable nood, used only as a
criterit;n for spillwB\Y design, is included in' appendix 1.

EXTENT AND CHARACTER OF OVERFLOW AREA.

46. Location and extent.--The total. area that 'WOuld be. sub
ject to appreciable damage by floods along Cave Creek, Skunk Creek,
the New River, and the Ague. Fria River and that would be affected
by the improvements considered in this report comprj,Bes about
40,800 acres (63.7 square mi1.es).

(~) The Cave Creek overflow area, including the overflow area
from the Dreamy Draw-Sunnyslope Washes, is on a broad. alluvial fan.
Upstream from the Arizona Canal, the streams f1.ow in defined chan
nels of small capacity. Downstream from the Arizona Canal, the
urban development that has ·taken place has obliterated almost all
traces of the old channels in this area. Floodflows follow a broad.
sWale through an intensively developed section of Phoenix. The
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overflow area has a wide areal extent over which floodflow depths
are relatively shallow. The area included in the Cave Creek eve~

flow area ameunts to 21,200 acres.

(b) The overflow area along Skunk Creek, the New River, and
the Agua Fria River contains about 19,600 acres and is about
25 miles long and about 1 mile wide. The channels for each of
these three streams through this o\~rflow area are fairly well
defined, resulting in floodflows that are deeper than in the Cave
Creek overflow area.

47. Type and value 1)1' property in the overflow areas. --The
developed areas subject to overflow along Cave Creek, Dreamy Draw,
and unnamed washes in the Sunnyslope area are predominantly urban,
whereas the overflow areas along Skunk Creek, the New River, and
the Agua Fria River are predominantly agricultural. Information
on the type and value of improvements in the overflow areas con
sidered is given in the following subparagraphs.

(a) Overflow area along Cave Creek.--This overflow area
extends for about 16 miles from just nOl~h of Bell Road southward
to the Salt River. The overflow area of Cave Creek is approxi
mately 1 mile in width from about Bell Road to the Arizona Canal.
Just downstream from the Arizona Canal, owing to the contribution
of floodflows from the Dreamy Draw and Sunnyslope areas, the over
flow area is nearly 3 miles wide and extends from the Black Canyon
High'fay on the west to 12th Street on the east. At Van Buren
Street - about 8 miles downstream, the overflow area narrows down
to a l-mile ~~dth.

(b) The major portion of the development in this area is resi
dential and accounts for about 53 percent of the value and covers
about one-third of the area. The residential property includes more
than 30,000 hemes, ranging in value from $8,000 to $40,000. Several
multistory apartment buildings, including a16-story and a 22-story
building, are in the overflow area. Another large item of value is
the commercial development, which amounts to about 13 percent of
the total. The properties included in this category number more
than 1,700 establishments ranging in size from small neighborholJd
stores to large department stores. Also included in the overflow
area are several shopping centers, several multistory bffice build
ings, and about 40 motels catering to commercial travelers and
winter vacationers.

(c) The value ef almost $88,000,000 for public property
includes 36 grade and high schools, 7 hospitals, and 81 churches.
Several multistory office buildings in the area "muld suffer physi
cal flood damages at the street level; in addition, occupants of
the upper floors of these buildings would suffer considerable
inconvenience during periods of flood. The industrial development
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in the area, mostly of the warehouse and light-manufacturing type,
includes about 650 separate businesses. A complete complex of utili
ties, high'tlays, and streets is included in the overflow area. The
area has an estimated population of about 95,000 persons. About 38
percent of the entire overflow area is presently undeveloped.

(d) Past grmvth in the area under consideration, the growth
that is now taking place, and forecasts of future growth indicate
that future values over the next 100 years will be considerably
greater tha.'1 present values. Analysis was made of (1) population
growth studies of the Fhoenix urban area, (2) economic analyses and
projections for the city of Fhoenix and for Maricopa County, and
(3) estimates of lar:d available for expansion and of the availability
of ,"ater supply. Several private engineering analyses of the Phoenix
metropolitan area - made to consider required expansion of utility
services, particularly water-supply and sewage-treatment works, and
to consider future highway-construction needs - were available for
use in this study.

(e) Population projections were made for a 50-year period for
the city of Phoenix and for ¥l8.ricopa County. Because of the large
growth expected to occur in the area during the next 50 years and
the lack of suita.ble data to predict growth beyond 50 years, it was
conserva.tively estimated - for purposes of this report - that popu
lation and correspor:ding development would remain constant during
the 50- to 100-year period.

(!) These analyses indicated that average future values over
the next lCO years, assuming 1963 price levels for the Phoenix metro
politan area, would be about 600 percent greater than present values.
The aver~ge value of the Cave Creek overflow area over the next
lCO years ,·muld be about 120 percent greater than the present value.
This rat~ of increase is less than is estimated for the entire
Phoenix metropolitan area because of the degree of saturation of
present development in the Cave Creek area as compared with the degree
of saturation in the entire metropolitan area. The amount and value
of agricultural and undeveloped land will decrease to reflect the
use of these lands for urban development.

(g) The three sets of oblique aerial photographs (see
p''1otos 1-6) indicate the rapid growth and development taking place
in a~d adjacent to the overflow area along Cave Creek.

(h) Overflow areas along Skunk Creek, the New River, and the
A~ua Fria River.--The overflow areas along Skunk Creek, the New
River, and the Agua Fria River amount to 19,600 acres of which
5,600 acres are streambed areas and wasteland not subject to devel
opment . About 94 percent of the developable land is developed to
agricultural uses. The overflow area extends for about 25 miles
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MARKOW - PHOTOGRAPHY - PHOENIX,

Photo 1 - Sunnys1ope, January 1950, a residential and shopping community, now a part of Phoenix .
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MARKOW - PHOroGRAPHY - PHOENIX, ARIZ.

Photo 2 - Sunnyslope in November 1962. Note the great increase in urban development.
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MARKOW - PHOIDGRAPHY - PHOENIX, ARIZ.
Photo 3 - A new industrial and warehouse district in the west part of Phoenix, September 1948 .
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MARKOW - PHO'roGRAPHY - PHOENIX, ARIZ.

district - December 1962.
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MARKOW - PHOTOGRAPHY - PHOENIX, ARIZ.

Photo 5 - Irrigated ranchland northwest of Phoenix - March 1957.
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MARKOW - PHOTOGRAPHY - PHOENIX,

irrigat~d ranchland, December 1962.
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from a point on Skunk Creek, several miles upstream from the
New River, to a point near the mouth of the Ague. Frio. Riyer.
The overflow area would range in width from about l mile near
the New River detention basin to about 2 miles at J'eoria. Down
stream from the railroad and highway bridge at Peoria, the over
flow area would decrease to about 1 mile in width and would
remain at about that width through the remaining length of the
overflow area.

(i) The agricultural development is the largest single item
of value in the overflow area and amounts to 53 percent of the
total. Two urban centers, one at the town of Peoria on the
New River and the other at Avondale on the Agua Frio. River, are
subject to damage from a standard project flood. Residential
developments include about 750 homes, ranging in value from
$2,000 to $9,000. Commercial development in the two towns
includes about 50 units. The residential and commercial property
- together with utilities, highways, and streets in the area 
account for 41 percent of the value of the overflow area, but
only occupy about 4 percent of the area. The area has an esti
mated population of 2,500 persons.

(j) An analysis of the grow~h patterns within the Phoenix
metropolitan area indicates that expansion of the Phoenix urban
area to the Skunk Creek-New River-Agua Frio. River area will occur
within about 5 years. At the present time, areas within the city
of Glendale and immediately to the south, in the Maryvale distri~t

of Phoenix, are essentially saturated ,.nth homes and commercial
development. These areas are only 5 to 7 miles from the Skunk
Creek-New River-Agua Frio. River area. The Youngtown area, a
development for senior citizens, is about 2 miles west of the
New River on the east bank of the Agua Frio. River; and Sun City,
another senior-citizen development, is between the New River and
the Agua Frio. River - adjacent to Youngtown and about 3 miles
northwest of Peoria. Because of the expansion of the Phoenix
urban area to the Skunk Creek-New River-Agua Frio. River area,
agricultural development will be displaced by urban-type develop
ments. It is estimated that present urban-type developed areas,
which comprise about 4 percent of the land total in the overflow
area, will increase to about 20 percent of the land total in
50 years. Under average future conditions, the value of resi
dential and commercial property is expected to comprise about 0ne-
half of the value of property in the overflow area, whereas noV!
such property value comprises only about 20 percent of the tot~_

value. Average future value in the overflow area of Skunk Creek
New River-Agua Frio. River is estimated at about 10 times the
present value.

48. To reflect the increase in development over a lOO-year
period, future values were disco~~ted by the application of pre8ent
worth factors. Additional information on the present and estiIliated
average future development in the overflow areaS is given in appell
dix 4. A summary of the values of property in the overflov;- areas
is given in the following table:
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Summary of estimated value of property subject to damage by an un
controlled standard project flocd in the overflow areas of Cave.
Creek, Skunk Creek, New River, and Agua Fria River, Ariz.

. .... :~

Overflow area and
type of property

Present (1963)
value

of property

Average future
value

of property*

Total :

fublic :

Residential. :
Commercial :

2,051,000,000
2,051,000,000

$1,077,600,000
229,400,000
183,200,000
153,700,000

2,200,000
355,000,000
46,700,000

300,000
2,900z000

$504,400,000
119,100,000

87,900,000
77,600,000
1,900,000

75,700,000
33,700,000

900,000
3,300,000

904,500,000
Say•..•...••••...•••.....• :====9=0=5~,=00=0~,=0=0=0

Utilities :
Railroad It :

Industrial .•..••.•••.•••••...• :
Highways and streets •...•..... :
.Agriculture ••...••.•........•. :
Irrigation .•.•••..••...••..... :__--:~::..--.L-_

Cave Creek, including
Dreamy Draw and unnamed
washes in the Sunnyslope
area (21,200 acres):**

4,100,000 114,900,000
1,500,000 19,900,000
1,300,000 35,900,000

600,000 16,500,000
900,000 900,000
100,000 37,600,000

1,900,000 5,200,000
13,500,000 12,200,000
1,600,000 1,500,000 ",-

25,500,000 244,600,000
26,000,000 245,000,000

Public :

Say :
Total :

Cornrnercial :

Utilities :
Railroad. :
IndustriaJ. :
Highways and streets ••.•••..•• :
~~riculture (13,200 acres) •••. :
Irrigation :__--:;;.;.L...;~~_

Skunk Creek, New River, and
Agua Fria River (19,600
acres) :***

Ees i.dential ••.••..••.••..•...• :

* The value of average future development for period 1963-2062
vTithout additional flood control vlas discounted by using present
,wrth factors.

** Includes 8,200 acres of undeveloped land under present
conditions.

*** Includes 5,600 acres of streambed and wasteland.

)
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FLOOD DAMAGES

49. Damages from past floods. --Monetary estimates of damages
from past floods are very scanty; only very general rough estimates
are available. The Cave Creek flood of August 1921 - before the
construction of Cave Creek Dam - caused damages of "over a million
dollars," according to the Arizona Republic'. With the tremendous
growth of Phoenix, the occurrence of this flood today would cause
damages estimated at about $63 million.

50. The Cave Creek flood of August 1943 was destructive;
however, no complete monetary estimate of damage was made. The
overflow area of Cave Creek affected by this flood was largely
agricultural at that time. Because of a lack of interest in flood
control at that time, a complete estimate· of the damages caused
by the 1943 flood was not made. However, newspaper accounts and
reports by local agencies indicate the severity of the flood,
which resulted from heavy rain from severe thunderstorms over the
desert areas just north of Phoenix. Rapid runoff upstream from
the Arizona Canal quickly overtaxed the capacity of the canal
system. About 16 breaks occurred in the south bank of the canal
in the Cave Creek area north of Phoenix. In addition, water
overflm"ed the south bank in that area in about 6 places without
breaking the bank. At that time, much of the area downstream
from the Arizona Canal was in citrus groves or other agricultural
pursuits that were not seriously damaged by the floodwaters. r.I1he
reports available indicate that a hundred or more homes and busi
ness establishments were flooded by water that ranged in depth
from ~ few inches to 2 feet. Floodwaters in several major streets
made travel impossible for several hours. If the 1943 flood were
to occur today under present intensive development, damages of
about $20 million would result. A report made by the Soil Conser
vation Service about the August 1943 flood along the New River
(peak discharge of 38,000 cubic feet per second) indicated that
flood damages totaled $47,500 (1943 prices and development). The
report states, however, that information on which the estimate
was based was very limited. A .similar flood occurring today alO:lg
the New River would resuit in damages of about $590,000. This
large increase is due to (1) the increase in urban-type develop
ment along the banks of the New River and the Agua Fria River at
Peoria and Avondale, respectively; (2) the increase in the area
farmed along the rivers; (3) the price-level increase from 191~3
to 1963; and (4) consideration of all potential damages.

51. The population of the Phoenix metropolitan area has
increased approximately 310 percent from 1950 to 1960 and has
increased by nearly 15 percent in the past 3 years, mostly as a
result of migration into the State. Most of those living in the
overflow areas today have never experienced floods of destructive
magnitude in or near Phoenix. The largest damaging flood of
recent yea.rs in the general area occurred in September 1962 alO!1g
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Santa Rosa Wash, about 50 miles south of Phoenix. That flood
resulted in damages of about $10 million, mostly to agricultural
properties. Because Phoenix and Santa Rosa Hash are in the same
region of meteorological homogeneity, it is possible and probable
that a storm such as the 1962 Santa Rosa storm could occur in the
Phoenix area. If that storm had centered over the Cave Creek
drainage area, the resultant discharge of Cave Creek at the
Grand Canal would have been about 26,000 cubic feet per second,
causing damages under present conditions of about $57 million.

52. In August 1963, a cloudburst storm over the Glendale
Maryvale area at the western outskirts of the Phoenix urban area
resulted in large damages to residential, commercial, and other
urban and agricultural properties. Although final compilation of
the damages has not been completed, preliminary tabulations indi
cate that they will exceed $1 million. The damaged area is v.'i.thin
the overflow area of tributaries of the Salt, the New, and the
Agua Fria Rivers, just west of the Cave Creek drainage area.

53· Damages from future floods.--Hydraulic and economic
studies were made to deterreine the effect of floods of various
magnit-u.des on present and future development. The estimate of
damage from a single flood included consideration of the probable
extent of the overflow area, the type and value of property sub
ject to damage, and the extent of damage that would occur to each
type of property from floodwaters of computed depth and velocity.
The selected flood magnitudes range from a discharge that would
cause a small amount of damage to the discharge of the standard
projec7. flood. The estimates of damage include physical damages,
emergency costs, and business and financial losses that would be
caused in the overflow area by floods of various magnitudes.

54. The following tables give (a) pertinent information on
damages that under present conditions-(1963) would occur to vari
ous types of property as a result of a standard project flood and
(~) a summary of the estimated damages from future floods of
various magnitudes in the overflow areas.
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Estimated damages !.eoulting fron nn uncontrolled atandcrd project flood
along q~ve Cre(:!k,* Skunk Creek, Uew River" and Agua Fria River I Ariz.

Damages based. on
present (l963) conditions

Overflow area Present
and type of (1963) Emergency

property value Physical costs and Total') damages business
losses

Cave Creek:*
Residential •••• : $504,400,000 $67,970,000 $6,800,000 $74,770,000
Commercial ••••• : 119,100,000 12,090,000 3,630,000 15,720,000
Public ......... : 87,900,000 4,450,000 670,000 5,120,000
Utilities •••••• : 77,600,000 2,630,000 390,000 3,020,000
Railroad ••••••• : 1,900,000 120,000 20,000 140,000
Industrial ••••• : 75,700,000 5,850,000 1,760,000 7,610,000
Highways and

streets •••• : 33,700,000 1,930,000 1,330,000 3,260,000
Agriculture •••• : 900,000 230,000 20,000 250,000
Irrigation ••••• : 3,300,000 340,000 20,000 360,000 .... ~..'. -,. '....

;~~~ti;,~-{,:~··:;

Total ••.••• : 904,500,000 95,610,000 14,640,000 110,250,000
Say........ : 905,000,000 95,000,000 15,000,000 110,000,000

Skunk Creek, New
River, and
Agua Fria
River:

Residential •••• : 4,100,000 460,000 90,000 550,000
Commercial ••••• : 1,500,000 300,000 60,000 360,000
Public ......... : 1,300,000 140,000 20,000 160,000
"utilities •••••• : 600,000 30,000 3,000 33,000
Railroad ••••••• : 900,000 230,000 160,000 390,000
Industrial ••••• : 100,000 20,000 4,000 24,000
Highways and

streets •••• : 1,900,000 500,000 100,000 600,000
Agriculture •••• : 13,500,000 1,190,000 223,000 1,413,000
Irrigation••••• : 1,600,000 240,000 60,000 300,000

)
Total •••••• : 25,500,000 3,110,000 720,000

-
3, 830, oao

Say.••••••• : 26,000,000 3,100,000 700,000 3,800,000

~<.. Includes Dreamy Draw and unnamed washes in Sunnys10pe area.
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Damages based on present (1963)
development and price levels

New River
and vicinit .

Total damage
based on
present
worth of
average
future

development*

Total

Emergency
costs and
business

losses

of various m

Physical
damages

Flood
magnitudeOverflow area

Summar of estimated dama~es

Cave Creek (including Dreamy cubic feet
Draw and unnamed washes in : per second
the Sunnyslope area) ••••••• : -*-lEo65,000 $95,000,000 $15,000,000 $110,000,000 $249,500,000

Do ••••••••••••••••••••••• : 30,000 54,000,000 10,000,000 64,000,000 143,000,000
Do .••.•••..•••....•..••.. : 9,000 15,000,000 4,500,000 19,500,000 L~O, 000 .. 000
Do •....•.•.•..•••......•• : 600 ° ° ° °f\)

f\) Skunk Creek, New River, and
Agua Fria River .•••.••••.•• : **126,000 3,100,000 700,000 3,800,000 46,000,000

Do •••••.•.•.•..••••••.••• : 22,000 590,000 110,000 700,000 7,000,000
Do •..•.•..••••.•••..•.•.. : 12,000 250,000 50,000 300,000 2,700,000
Do •••••.•••••...•••••.••. : 1,000 ° ° ° °

.* For period 1963-2062 without additional flood control (based on 1963 price levels).
** Standard project flood.

IIote.--F1ood magnitudes for Cave Creek and New River are meazured at the Arizona Canal and High
wa~60 bridge, respectively.



55. Average annual damages.--Curves were dravffi showing the
relatipnship between peak discharges and resultant damages under
conditions of average future development for each overflow area con
sidered'in detail in this study. Damage-frequency curves (see
pIs. 2 and 3 of app. 4) were prepared by co~bining each discharge- _
damage curve with the corresponding discharge-frequency curve described
under a preceding heading "Flood Frequencies."

)
56. The areas under the damage-frequency curves represent the

estimated average annual flood damage for that area. The average
annual flood damages, based on present and average future conditions
of development, are shown in the following table:

E~timated average annual damages in overflow areas of Phoenix, Ariz.,
and vicinity (including New River)

Overflow area

Average annual
damages under
present (1963)

development

Average a..l'lIlual
damages under
average future
conditions*

8,670,000

$7,420,000$3,410,000

Total :

Cave Creek (including Dreamy Draw
and unnamed washes in Sunnyslope
area) :

Skunk Creek, New Hiver, and
Agua Fria River....••.•........... : ---:1;:.:3::..0;...,~0;...;O;...;0~ ..;1;;..,~2;;."5:-0...?,,..;:.0...;;.0..;..0

3,540,000

*Based on (a) the value of,average future development (1963-2062)
after discounting to present worth and (£) 1963 price levels.

57. Intargible damages.--In addition to the tangible damages
evaluated in this report, serious damages not susceptible of monetary
evaluation would result from future floods in the overflow areas con
sidered here. See subsequent heading entitled "Estimate of Benefits"
for a discussion of these damages.

:.) EXISTING CORPS OF ENGINEERS FLOOD-CONTROL IMPROVEMENTS

58. No existing flood-control project in the drainage areas
under detailed consideration in this report is under the jurisdiction
of the U.S. Army Corps of Engineers, &~d the improvements being con
sidered for construction would'not be affected by any other Corps of
Engineers improvement except McMicken Dam, from which flows are
conveyed to the Agua Fria River.
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59. Discharges from the considered improvements, however,
'Tould empty into the Gila River channel to be cleared under the
eXisting Corps of Engineers project for the Gila and Salt Rivers
levee and channel iIDprovement. That project, which was authorized
by the Flood Control Act of July 14, 1960, would include C.~) levees
along the Salt River in the Vicinity of Phoenix and Tempe, Ariz.,
(b) a cle ared floodway along the Salt and Gila Rivers bet....Teen
Granite Reef and Gillespie Dams, and (c) low-flow or pilot channels
along parts of the cleared flocdwsy. (See H. roc. 279, 86th Cong.,
2d sess.).

60. In addition, since authorization of the Gila and Salt
Rivers levee and channel improvement, studies under way by the
Bureau of Reclarnatio"n indicate the economic justification of a
ffiultiple-purpose reservoir on the Salt River at the Maxwell
(formerly called McL'owell) site. Present placs for this reservoir
provide sufficient flood-control storage to control a standard
project flood (peak discharge 290,000 c.f.s.) to an outflow of
50,000 cubic feet per second. Because of the control that would
be effected by M~well Reservoir, the levees along the Salt River
in the vicinity of Phoenix and Tempe, Ariz., are no longer required.
However, the comprehensive plan for the Phoenix netropolitan area
provides for channel improvements along the Salt River from Granite
Reef Dam to the mouth of the Salt River mostly to permit higher
utilization of lands in the Salt River channel in the Phoenix urban
area.

IMPROVElvlEJ)j'TS BY OTHER FEDERAL j\lID NON-FED2.'qAL AGENCIES

61. Cave Creek flood-centrol dan, located about 6 miles
upstream from Bell Road, .las ccnpleted j.n March 1923 at a cost of
$550,000. The da~, ~onstructed to con~rol Cave C~eek floods, is a
concrete multiple-arch str~~ture. It was financed by a cooperative
effort of State, county, city, and private interests. Under the
assumption that the reservoir would be empty and the three outlets
'tlould be operating, it is estimated that the dam ....,ould at present
control all floods up to a peak inflO\·l of about 13, 000 cubic feet
per second. A flood ,·,ith that peak inflow, which Vlould have a
frequency of occurrence of about once in 50 years, would be reduced
to a maximum discharge of 1,250 cubic feet per second. If a
standard project flood were to occur t0day, the dam under the same
assumption ,.lould reduce a flow 0:: 83,000 cubic feet per second at
the Grand. ~Anal to 47, 000 cubic feet per second. ~lhen constructed,
the capacity of the reservoir vas 14,000 acre-feet. However, in
1948 after a 25-ye~ o}:eration ~eriod, a survey of the reservoir
indicated that the capacity .laS only 11,000 acre-feet - a loss of
3,000 acre-feet because of sedmentation, with a resultant reduc
tion to about 78 percent of original capacity. At the same rate of
sedimentation, the entire reservoir would be completely depleted
within a period of about 75 years from this date (1963).

"
!
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62. Lake Pleasant Reservoir was constructed in 1927 on the
Agua Fria River about 25 miles upstream from the mouth of the
New River. The 164,000-acre-foot reservoir, constructed by the
Maricopa County Municipal Water Conservation District No.1, is used
for vater conservation but provides incidental flood control. The
reservoir has been filled only once since its construction in
April 1941, and at that time an estimated 500 acre-feet of water
passed over the spillway.

63. The irrigation canals of the Salt River ~roject are
operated to provide limited flood control. If floodflow is antici
pated, the irrigation water is released into wasteways and the
canal emptied. The canals have a varying capacity in different
reaches as follows:

Arizona Canal:
Near Dreamy Draw..•..•.•.•.800 cubic feet per second
Near Cave Creek.••...•••..•60o cubic feet per second

Grand Canal near
Central Ave •....•.... about 600 cubic feet per second

IMPROVEMENTS DESIRED

64-. Public hearing. --A public hearing ,,,as held at PhoeniX, Ariz.,
on December 9, 1959, by the U. S. ArtIly Engineer District, Los AnGeles,
with the district engineer presiding. It was attended by 178 persons,
including interested private citizens and representatives of various
agencies of the Federal Government, the State of Arizona, Maricopa
County, and political subdivisions of the county. The Maricopa COlL.'1ty
FlocO Control District presented an outline of a comprehensive plan of
improvement for the Phoenix metropolitan area, as described in the
following paragraphs.

65. Improvements desired by local interests.~-Local interests
proposed, in very general terms, 'a; comprehensive plan of improvement
to protect the entire Phoenix metropolitan area, as follows:

(a) Channelization of the salt River from east of Mesa to a point
west of Phoenix.

(b) Channels to divert to the Salt River those flows origir"a.t
ing iii the mountain areas east of Mesa and south of the Salt River
that affect agricultural a:reas and the comm'L:nities of Higley,
Gilbert, and Apache Junction.

(c) Chanriels to divert flows from the developed areas east of
Indian-Bend Wash to the salt River.

(~) Channelization of Indian Bend Wash.
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(~) A system of' channels to divert Cave Creek flows and f'lows
originating in Sunnyslope and the Phoenix Mountains westward f'rom
the urban area of Phoenix to Skunk Creek and the New River.

(!) Channelization of Skunk Creek and the New and the Agua Fria
Rivers f'rom the mouths of' the diversion channels to the Gila River.

(g) A channel to divert f'lows originating in the Salt River
Mountains from the developed areas of south Phoenix.

(h) A diversion channel just north of' the Arizona Canal to
divert-f'low eastward f'rom about 36th Street and westward from about
56th Street to an outlet channel at about 48th Street that would
empty into the Salt River. These ,forks would convey floodf'lows
from the mountainous area north of the Arizona Canal between
36th Street and 56th Street to the Salt River.

(i) Local interests also requested that consideration be
given to construction of a multiple-purpose dam on the New River at
a point about 3 miles north of the settlement of New River, in con
ju-~ction with a channel to divert the New River flows to the Agua
Fria River upstream from Lake Pleasant Reservoir.

66. After the public hearing, local interests requested the
Soil Conservation SerVice, U.S. Department of' Agriculture, to con
sider the flood problems of' the commth~ities of Higley, Gilbert,
and Apache Junction and of' the adjoining agricultural areas (item (~)
of the preceding paragraph titled tlImprovements Desired by Local
Interests Ii). The results of their studies are contained in the
recently completed watershed-work plan.

67. Reasons advanced in justification of improvemen+'s desirc~.-

Representatives of' local interests stressed the need for flood cO!ltrol
along the preViously mentioned streams to (a) prevent inundation of'
highly developed residential and commercial-areas, (b) prevent damage
to agricultural property, (c) prevent interruption of the delivery of
irrigation water in the many canals used for that purpose, and Cd)
prevent interruption of highway and street traffic. They pointed
out that past f'loods on tributaries of' the Salt and Gila Rivers in
the Phoenix metropolitan area rarely caused large damages, mainly
because of' the predominantly agricultural developments in the over
flow areas. However, with the population explosion in the Phoenix
metropolitan area, the damage potential has increased trerrlendous.:~_y. )

FLOOD PROBLElf18 MID RELATED PROBLEMS

68. A serious flood problem exists along Dreamy Draw, Cave Creek,
and Skunk Creek and along the New and the Agua Fric Riverz; the !najo~

streams under de-tailed consideration in this report. Until recently)
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floods along Dreamy Draw and Cave Creek rarely caused large damages,
mainly because of the predominantly agricult'J.ral develJpments in the
overflow area. However, with the population explosion in the Phoenix
metropolitan area, particularly since 1950, the flood-damage potential
has increased tremendously. The flood channels of Dreamy Draw and
Cave Creek disappear at the Arizona Canal an4 not even a trace of a
stream is evident downstream. The area downstream from the canal is
now intensively developed with urban-type property - predominantly
residential, cOlI'.mercial, and industrial improvements. Floods along
Skunk Creek, the New River, and the Agua Fria River cause damage to
mainly agricultural-type property, except at the communities of
Peoria and Avondale.

69. Damage to property in the overflow areas is caused principally
by ir.undation and debris deposition. The floodflows result primarily
from local thunderstorm rainfall of high intensity and short duration.
Along the New River and the Agua Fria River, severe bank and surface
erosion occurs. Inundation damage will also cause severe disruption
of activities, both inside and outside the flooded area. Bp.callse of the
continued growth in tte overflow area, damages will be greater Q~der

future conditions than under present conditions.

70. Water-conservation problems or other problems related to
flood problems are not of sufficient magnitude to warrant detailed
investigation in connecticn with this flood-control survey.

PLo\:."'IJS OF TI-rr>ROVEMENT CONSIDERED

71. General.--Because of high evaporation rates and relatively
low average -annual rainfall, no deta.i::..ed studies were made of a
Federal multiple-purpose project pro7iding for ~r.ater conservation,
hydroelectric power, fish-and-wildlife development, or recreational
development in addition to flood control.

72. However, because of the exploding population in the
Phoenix area, the possibility of recreational development at
detention-basin sites was recognized even though no permanent pools
would be provided•. Available information on real estate costs
indicates that cost to local interests for fee acquisition rather
than flowage-easement acquisition in the detention-basin areas
reqUired for recreational developmen+' would be relatively minor.

73. Comprehensive plan.--A comprehensive five-phase flood-control
plan for the Phcenix metropolitan area wa.s developed by the Corps of
Engineers in cooperation with the Flood Control District of Maricopa
County to serve as a framework for all flood-control 'Hork in the area,
whether justified at this time or not. '. Pertinent information on those
five phases is given in the follOWing subparagraphs.
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( a) Phase A provides for a channel improvement along Indian
Bend "lash from the Arizona Canal to the Salt River, as recommended
in the interDu report on Indian 30nd i~a3h, Ariz. That report,
iThich was ccmpleted by the U.S. ;~lY Ensineer District, Les
Angeles, cn April 15, 1962, is being processed for submission to
Congress.

(b) Phase B prOVides for a system of detention basins, diver
sion channels, and channel improvements as described in the
recommended plan given in this report.

(c) Phase C provides for (1) channels in the GlendaJ.e-Maryvale
a.rea and (2) a detention basin, diversion channel, and channel
improvement in the south Phoenix area.

( d) Phase D provides for (1) flood-control storage in Maxwell
Reservoir under consideration by the Bureau of Reclamation and (2) a
channel improvement along the Salt River from the Granite Reef
diversion dam to the mouth of the Salt River at its confluence with
the Gila River.

(e) Phase E provides for a ~ha.rmel improvement along Indian
Bend Wash upstream from the Arizona canal.

74. Plans proposed by local interests.--The plans proposed at
the public hearing by local interests f,jr flood corrtrol in the
Phoenix metropolitan area are listed in a preceding paragraph,
t1rmprovements Desired by Local Interests.': Since the public hear
ing, the Corps of Engineers has worked closely with the Flood
Control District of Maricopa County to refine the proposals and to
develop the comprehensive plan presented in the preceding paragraph.
The results of studies and investigations for that plan and
proposals for future study are sU!llI1larized in follOWing paragraphs.

(a) StUdy for channelization of the Salt River through the
PhoeniX area will be included in phase D, which is mentioned in the
preceding paragraph.

(b) The flood problems of the area east of Mesa, in the com
muniti'es of Higley, Gilbert, and Apache Junction, and of the adjoin
ing agricultural areas, have been studied by the Soil Conservation
Service, u.S. Department of Agriculture. The results of their
studies are contained in a recently completed watershed work plan.

(c) Study of the flood problems of the areas east of Indian
Bend Wash is interconnected with improvements for implementation of
the Bureau of Reclamation I s proposed Central Arizona Project. The
best solution to the flood problem appears to require the construc
tion of a diversion channel along the base of the south't-Test slope of
the McDowell Mountains. Such a diversion channel would traverse the
Salt River Indian Reservation just before it reaches a discharge
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point. in the Salt. River, about 9 miles east of Scot.t.sdale, Ariz.
The Granite Reef aqueduct of t.he Cent.ral Arizona Project. would
t.raverse the same area as the proposed diversion channel. In
addition, flood-cont.rol works would be required for t.he protec
tion of the aqueduct. Members of the tribal council of the Salt
River Indian Reservation and representatives of the Bureau of
Indian Affairs desire that decisions regarding location or design
of a diversion channel through reoervation land should be held in
abeyance until a firm location of the aqueduct is est.ablished and
t.he nature of the flood-protection works for it are determined.
Further stUdy of the flood problems in this area would be made in
cooperation with the Bureau of Reclamation after the Bureau's
plans are firmed up.

(d) Study of channelization of Indian Bend Hash from the
Arizona Canal to the Salt River has been completed by the U.S.
Army Engineer District, Los Angeles, and the recommendations result
ing therefrom are included in an interim report dated Arril 15,
1962. That interim report also concluded that a channel improve
ment along Indian Bend Wash upstream from the Arizona Canal is
not justified at this time. How"ever, such a channel improvement
should be part of any cCt:lprehensive plan of the area so that. it
can be built when justified.

( e) Study of the flood problems of Cave Creek and those
caused-by flo,.,s from the sunnyslope area and from the p~oenix

Hountains resulted in the plan of improvement recommended in this
report.

(!) Local int.erests' desire for channelization of Skunk Creek,
the New River, and the Agua Fria" River is being fulfilled by inclu
sion of these improvements as part of the recommended p1~
contained in this report.

(g) Studies for a channel to divert flows originating in the
Salt RIver l-fountains from the developed areas of s0uth phoenix
will be considered under phase D of t.he co;n~rehensive plan.
Phase D will also include a study of the f:!.ood prcblems of the
Glendale-Maryvale area. The magnitude of the problems in that
area were not realized at the t.ime of the public hearing. However,
urban development has expanded into the area within the past
4 years, and a recent storm - in August 1963 - has demonstrated the
need for a solution to the flood problems in that area.

(h) Studies of a diversion channel just north of the Arizona
Canal, -in the area between 36th and 56th Streets, and an outlet
channel to the 'Salt River, at about 48th Street, resulted in the
conclusion that such an improvement could not be economically
justified. Contributing to the low benefit-cost ratio was the
very high cost of improvement required.
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(i) Consideration was given to a multiple-purpose d~ll

providIng for \-later-ccnse:cvation and flood-con.trol stol'age Oi:

the upper New River as requested by local interests. However,
such a dam "Tas not considered in detail because of the minor
flood-control benefit that would accrue as compared with the
flood-control benefit that would accrue from a detention basin
at a site farther dO"iIlstream.

75. Recommended plan.--T~e recommended plan comprises
(a) four dams, one each on Cave ~~eek, Skunk Creek, the New
RIver, and Dreamy DraH; (b) the Union Hills and the Arizona
Canal diversion channels;-and (c) the Cave Creek, the Dreamy
Draw, the Sh~nk Creek, the New River, and the Agua Fria River
channel L~provements. Efforts were directed to control as
much of the floodflow as possible in the drainage area involved;
to divert residual flows in Deer Valley and Cave Creek to
Skunk Creek; and to improve S~"Unk Creel~, the life"l River ,and the
Agua Fria River to carry tnese residual flows to an adequate
point of disposal.

76. Pertinent informatic~ on each of the ~~its of
improvements under the recommended plan is given in the
follOWing subparagraphs.

(a) Cave Buttes detenticn basin.--The Cave Buttes deten
tion basin (with t\-lO dikes) wculd be constructed about 2 miles
dmiIlstream (south) fror.l the existing Cave Creek Dam. The main
embankment ,",ould be a compacted-earthfill structure with a
maximum height of about 120 feet above streambed. The crest
of the darJ. (elevation 1,621 feet) 'Would be about 2,100 feet
long. Tne unlined spillvay, excavated in l'ock, located about
800 feet north~.,est of the llest (:eight) abutment of the ma~n

embankment, \lould have a concrete sill vlith a length of 400
feet at elevation 1,596.5 feet. The spilhlay would be designed
to pass a spilhTay design flood havi:-.g a yea:t di3cl1al"ge (;f
160, 000 cubic feet per second '.!itIl 5. 5 fe~t of L·ee~oc:.rd.
The outlet would he a 12-foot-diameter ungated concrete con-
duit, located under the main embankment near the right
abutment. The capacity of the outlet w'orks would be about
5,400 cubic feet per second ,·!ith the vrater surface at the
spilhTay crest. Tva earthfill di~~es liould be required. The
,.,est dike "lould have a crest length of 3,500 feet and a maxi
mum height of 90 feet. The east dike \-lould have a crest
length of 8,600 feet and a me.;-:imurl1 height of 75 feet. The
detention basin 'Houlti have a capacity of 28,800 acre-feet at
the spilhTay crest, of uhich 2~5no acre-:feet 'VQuld be for
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the accumulation of sedi!~ent over a 100-year period. The
detention basin would red~ce a standard project flood with a
peak iliflolT of 79,000 cubic feet per second to an outflml of
5,400 cubic feet per second.

(b) Cave Creek channel. --'Foe Cave Creek channel would be
a trapezoidal concrete-lined cnannel about 3.6 miles long. It
would extend from the outlet of the proposed Cave Buttes Dam to
the proposed Union Hills diversion channel. The channel .,ould
have a bottom uidth of 10 feet and side slopes of 1 vertical on
2-1/4 horizontal. The depth of the channel would be about 11
feet and the entire channel would be excavated belo" natural
ground. The channel .,ould accOllli'nodate a design discharge of
6,000 cubic feet per second. No bridges or utility relocations
are expected.

(c) Union Hills diversion channel.--The Union Hills diver
sion channel would be a trapezoidal concrete-lined channel about
9-3/4 miles long extending from the divide between Cave Creek
and Indian Bend Wash drainage areas, near 40th Street, to Skunk
Creek. It "Tould have a bottom width ranging from 15 to 60 feet
and side slopes of 1 vertical on 2-1/4 horizontal. The design
discharge of the channel would range from 2,000 cubic feet per
second at the upstremn end to 13,400 cubic feet per secomd at
the dO\Tnstre&m cutlet into Skunk Creek. The depth of, the
channel ~Tould range from 10 to 18 feet, and the channel \-Tould
be excavated entirely belm, natural ground,- Seven bridges -
one each at 32nd Street, Union Hills Drive, Cave Creek Road,
7th Street, 19th Avenue, :alack Canyon HighlTay, and 35th
Avenue - would be required. About 1,800 feet of Union Hills
Drive liould be relocated.

(d) Dreamy Draw detention basin.--The Dreamy Draw detention
basin would be constructed in Dreamy Draw just south of Shea
Boulevard and 1 mile east of 16th Street. The main embankment
would be a compacted-earthfill structure with a maximum height
of about 50 feet above streambed. The crest crf'the dai11
(elevation 1,420 feet) would have a length of 480 feet. The
unlined spill.Tay 110uld be excavated in rock about; 400 feet
southeast of the left abutment of the main embankment. It
would have a cuncrete sill with a length of 275 feet at eleva
tion 1,410.0 feet. The spilhlay ,-TOuld be designed to pass a
spilhTay-design flood having a peak discharge of 9,700 cubic
feet per second i1ith 5 feet of freeboard. The outlet would
consist of a 36-inch-diameter ungated reinforced-concrete
conduit loca ted in the main embanlanent. The capacity of the
outiet would be 100 cubic feet per second \-lith the 'Hater
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surface at the spilhlay crest. Two earthfill dikes just upstream
from the main embankment and along the right barL'..c of Dreamy Dra'tT
"Tould be required. One dike would be about 950 feet long and have
a maximuIll heig.'1t of 22 feet; the other Hould have a length of
850 feet and a maximum height of about 12 feet. The detention
basin would have a capacity of 450 acre-feet at the spillway
crest, of which 150 acre-feet would be allocated for the accUIllU
lation of sediment over a lCO-year period. The detention basin
would reduce a standard project flood with a peak inflow of 2,180
cubic feet per second to an outflow of 100 cubic feet per second.

(e) Dreamy Drav' channel.--The Dreamy Draw' channel would be a
rectangular concrete channel with a 10-foot base width, extending
from the Dreamy Drav detention-basin outlet to the Arizona Canal
diversion channel - a length of about 3-1/2 miles. The design
capacity would range from 100 cubic feet per second at the upstream
end to 1,500 cubic feet per second at the do,mstream end. The
depth of the channel, which would be excavated entirely belo'., the
natural ground,uould range from 7 to 9 feet. Six street-crossing
bridges would be required - one each at Shea Boulevard, 16th
Street, Winter Drive, 14th Street, Belmont Avenue, and 12th Street.

(f) Arizona Canal diversion channel.--The Arizona Canal
diversIon channel '{ould be just upstream from the Arizona Canal
and 'muld be nearly parallel to that canal. At the upstream
end, a ~ectap~lar concrete channel, 2 miles in length, extending
from a point just west of 12th Street to Central Avenue, would
have a bottom vidth ranging f'".com 10 to 50 feet and a depth rang
ing from 8 to 18 feet. The dmmstream end, 10 miles in length
and extending from Central Avenue to Skunk Creek, would be a
trapezoidal earth section with a bottom Hidth ranging from 20 to
220 feet and a depth ranging from 8 to 20 feet. The side slopes
of 1 vertical on 2-1/4 horizontal would be revetted with stone
underlain by a gravel filter. The design capacity of the channel
would range from 1,500 to 18,500 cubic feet per second.

(g) A reinforced-concrete transition channel and a side
channel spill~Tay structure would be constructed at the Skunk
Creek channel to assure proper confluence of the two flows.
Nine bridges would be required - one each at 7th Street, Central
Avenue, 7th Avenue, 19th Avenue, Black Canyon Highway, 43rd
Avenue, 51st Avenue, 59th Avenue, and Northern Avenue.

(h) Adobe detention basin.--The Adobe detention basin lTould
be constructed on an unnamed tributary of Skunk Creek, about
7 miles north of Bell Road and about 1 mile '\-lest of the Black
Canyon HighYlaY. "The .embankment would be a compacted-earthfill
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structure i"lith a maximum height of about 76 feet a.bove streambed.
The crest of the d81il (elevation 1,561 feet) uould have a length
of 3,850 feet. An unlined syilli:ay, e}:cavated in:cock 700 feet
north of the left abutment of the embankment, ilould have a con
crete sill with a length of 250 feet at elevation 1,542 feet.
The spilllTay Vlould be designed to pass a s::.:>illuay-design flood
having a peak discharge oi' 105,000 cubic feet per second with 5
feet of freeboard. The outlet would be an 8-foot-diameter ungated
reinforced-concrete conduit located through the embalUouent near
the right abutment. The capacity of the outlet would be 2,000
cubic feet per second with the water surface at the spillway crest.
The deten-l:,'ion basin would have a capacity of 19,400 acre-feet, of
which 5,500 acre-feet would be allocated for tile accumulation of
sediment over a 100-year period. The detention basin 'Tould reduce
a standard project flood 'lith a peak inflOi'T of 50,000 cubic feet
per second to an outflow of 2,000 cubic feet per second.

(i) A diversion chanIlel about 2-1/2 miles long i'Tould be ex
cavated in eartll to divert a standard project flood on Skunk Creek
to the Adobe detention-basin area. The channel i-Tould be located
i"lith its dOiil1stream end about 5,000 feet north of the left abutment
of the main embankment. The do'mstre~ end. of the diversion
channel would be just above the i-Tater surface of the standard
project flood in the detention basin. A revetted earth levee set
back 100 feet from the channel 'lould prevent the standard project
flood from bypassing the detention basin under adverse channel
conditions. Constl~ction of the diversion channel would require
construction of a bridge for the Black Cal1yml Highuay.

(j) Skunk Creek chann.el. --The Sku.."L~ Creek concrete-lined
trapezoidal channel would be constructed along Skunl\: Creek from
a point just upstream from the outlet of the Union Hills
diversion channel downstream to a confluence with the New River,
a distance of about 6-1/2 miles. Tne design capacity of the
channel would range from 24;400 to 41,400 cubic feet per second.
The channel would have base widths ranging from 15 to 40 feet
and depths ranging f"rom 10 to 23 feet. The side slopes would be
1 vertical on 2-1/4 horizontal. Three bridges would be required 
one each at 59th Avenue, Bell Road, and 83rd Avenue; and about
2,000 feet of Union Hills Drive i.ould be relocated.

(k) The inlet for the channel "ould consist of a concrete
lined-transition. Two wing levees - each about 1,500 feet long,
with stone facing, and extending to high ground on the left and
right banks - -wou1.d train the flow to the transition. Downstream
from the Arizona canal confluence, the channel - with a base
width of 40 feet - -{ould end in a stone-lined transition that
would act as an energy dissipator to reduce velocity of flows
entering the Neu River channel. The maXiJnUlU depth in the con
crete channel of 21 feet and the maxDrr~ velocity of 31 feet per
second i,rould be red'..lced by the stone-lined. outlet transition to
7 feet and to 15 feet per second, ~espectively.
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(1) New River detention basin.--~1e New River detention basin
would-be constructed on the New River about 8 miles upstreffin from
the confluence vlith Skunk Creek. The rcain embankment ~rou.ld be a
compacted-earthfill structure 'lith a maximum height of about 80
feet above streambed. The crest of the eobankment (elevation 1,474
feet) would be 2,700 feet long. An ualined spillllay, excavated in
rock 1,600 feet east of the left abutment of the main embankment,
would have a concrete sill 'lith a length of 800 feet at elevation
1,458 feet. The spilhlay would be designed to pass a spilllTaY
design flood having a peak discharge of 128,000 cubic feet per
second with 5-1/2 feet of ~reeboard. The outlet would be a 6-foot
diameter ungated reinforced-co~crete conduit located under the main
embankment near the right abutment. The capacity of the outlet
"orks ,,,ould be 1,000 cubic feet per second .,ith the water surface
at the spillway crest. An earthfill dike, about 7,000 feet north
west of the right abutment of the main embarL%ment, would be required
along the west edge of the detention-basin area to confine the
design flood. Tne dike lIould have a crest length of 4,9CO feet
and a maximum height of 22 feet. The detention basin '·Tould have a
capacity of 39,500 acre-feet, of which 10,000 acre-feet would be
allocated fer the accumulation of sedi~ment over a laO-year period.
The detention basin would reduce a standard project flood with a
peak inflow of 60,000 cubic feet per second to an outflow of 1,000
cubic feet per second.

(m) New River charu1el i~provement.--The improved channel for
the Ne"T River "lould extend from the mouth of Skunk. Creek dO'Ynstream
to the confluence with the Agua Fria River, a distance of about
8 miles. The channel, '''hich would be excavated in earth, would
have revetted side slopes. The channel ~lould be a trapezoidal
section \litl: bottom llidths ranging frOr:l 400 to 800 feet and depths
ranging fro~ 8-1/2 to 11 feet. The design capacity of tre channel
would range from 53,400 cubic feet per second at the U.S. Highway
No. 60 crossing of the channel to 58,000 cubic feet per second at
the mouth of the Ne"T River. The Sante Fe railroad, the U.S.
Highvlay No. 6o, and the Glendale Avenue bridges would require
modification. Four dip crossings would be required - one each at
Thunderbird Road and Peoria, No:cthern, and Olive Avenues.

(n) Agua Fria channel iillurovement.--An excavated earth
channel would be constructed in the Agua Fria River for a
distance of' 7-1/2 miles from the mouth of the Nel1 River to a
point about 2 miles downstream (south) of the bridge for U.S.
Highway No. 80. The channel, 'Thich would be trapezoidal in cross
section, would be lined with stone on the side slopes. The
channel would have base widths ranging from 800 to 1,500 feet and
depths ranging from 8-1/2 to 10 feet. The desiga capacity of the
channel would range from 70,000 to 74,000 cubic feet per second.
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The channel invert under the bridges Hould be protected uith dumped
stone. The chaiu~el terminus would be protected against scour by a
dumped-stone apron. About 1/2 mile of El Mirage Road '''ould be
relocated, and four dip crossings would be required - one each at
Van Buren street and at Indian School, Thomas, and McDmvell Roads.

i\1UTIPLE-PURPOSE FEATURES

77. Under present conditions, vater supplies are limited to
the natural flovTS of the streams under consideration. As a result,
storage for "rater conservation or liaterpo~ler could not be justified;
and fish-and-wildlife or recreational facilities that could be
developed lIould be ;;linor and probably could not be justified
because of the low average annual yield of the -streams involved and
the high evaporation and large infiltration losses that lTould
occur in the reservoir areas. Under present conditions, recrea
tional development at the detention basins probably would be
lbnited to land-based recreation - such as day camping, picnick
ing, riding, and hiking. Such recreational facilities - if
desired by local interests - would be constructed, operated, and
maintained by local interests so as to be compatible with the
project purpose.

78. However, the Granite Reef aqueduct of the Central
Arizona project pro:posed by the Bureau of Reclamation lTould cross
tne Ne'J:' Hivel', S:;;'Uj;L~ Creek, <;J.nd Cave Creek in the vicinity
of the proposed detention basins. A definite location for this
aqueduct has not been determined and all features of the Bureau
project have not been firmed. Hith the importation of Colorado
River water to the area, the proposed detention basins probably
could be adapted fc:c multiple-purpose use llith mutual advantages
for the aqueduct facilities of the Central Arizona project; for
those fUture municipal water-supply treatment and distribution
facilities of the city of Phoenix that would be supplied by
the Central Arizona project; for the recreational plans of the
Maricopa County Parks and Recreation Department; and for the
fish-and-wildlife facilities to be developed jOllltly by the
Arizona Game and Fish Department and the U.S. Bureau of Sport
Fisheries and l-lildlife. l~O detailed studies of fish-and-"Tildlife
or recreational facilities were, therefore, made under present
'vater-supply conditions. The addition of such facilities lTould
not appreciably change the overall conclusions of the report.
Modification of the improvements recomnended in this report
wouid be made in the definite-project studies after the Central
Arizona-project plans are firmed, and upon determination of the
economicj'listification of the additiol'l.al ;faCilities required.

35



79. The recommended plan could also be modified to permit
some floodflows to be delivered to existing canals do,instream
from the i8provements or to water-spreading areas if local
interests desire such facilities. The modification could be
made at such time as desired by those using agencies of local
interests that would be willing to pay the added expense. All
lands for construction of improvements under the recommended plan
would be supplied by local interests. These lands would be admin
istered by loca~ interests in connection with their operation and
maintenance of the project.

ESTIMATES OF FIRST COST AND ANNUAL CHARGES

80. Estimates of first cost.--The estimated first cost of the
L~provements include expenditures for construction of four deten
tion basins and seven channel improvements; for relocation or
modification of roads, utilities, and bridges; and for acquisition
of rights-of-way. Estimates of cost vlere based on :prices prevail
ing in October 1963. Allowances \Tere made for the cost of engi
neering, overhead, inspection, and contingencies.

81. Details of the esti~ated first cost cf the
under the recomrnended plan are given in appendix 3.
of these costs is given in the follouing table:

improvements
A summary

Estimated first costs of irnpL'ovements under the recollliuended lJlan,
Phoenix, Ariz., a~ld vicinIty (includin~ Ne~! River) based Oil.

October 1963 prices

Unit of Improvement Federal
first cost

Non-Federal
first cost

'Iotal
first cost*

Cave Buttes detention
basin••.....•......•... : $6,490,000 $260,000 $6,750,000

Cave Creek channel. .•. 0 •• : 1,840,000 60,000 1,900,000
Ui1ion Hills diversion

channel ...• 0 ••• 0 ••••••• : 7,200,000 1,300,000 8,500,000
Dre~ny Draw detention

basiLlo . 0 0 • 0 0 0 ••••••• 0 •• : 330,000 130;000 460,oCO )Dreamy Dra" cnannelo .00 •• : 820,000 8o)coo 900,000
Arizona Canal diversion

channel •..• 0 • 0 0 ••••• 00. : II} 400,000 4,2CO,000 15,600,000
Adobe detention basin

and channel ••• : •••••••• : 3,800,000 850,000 4,650,000
Skunk Creek channel•••••• : 7,100,000 360,000 7,460,000

* Does not include $275,000 eA~ended for preauthorization
s~udies>
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Estimated first costs 91' improvements under the recommended plan,
Phoenix, Ariz., andVi~~n~ty (including Nell River) based on
October 1963 prices--Continued

,"" .

Unit of Improvement Federal
first cost

Non-Federal
first cost

Total
first cost*

)

New River detention :
basin••..••.•••••.••••• : $2,900,000 $480,000 $3,380,000

New and Agua Fria Rivers :
channel improvements ••• : 11,800,000 3,400,000 21,200,000

Total•••.••.•••••.•• : 59,680,000 11,120,000 10,800,000

* Does not include $215,000 e:xpended for preauthorization
studies.

82. Estimates of annual charges.--The estimates of annual
charges for the improvements considered in this report reflect
(a) interest on the total investment, (b) amortization of the
total investment in 100 years, and (c) -average annual costs of
maintenance and operation. The annual charges "Tere computed by
using a 3-percent interest rate on both the Federal and non
Federal investments. Because the non-Federal interest rate used
is less than the fair rate of' return (6 percent) of land in the
area, an adjustment of 3 percent vas made for the net loss of
productivity of land· to be used for the improvement.

83. Interest during construction was based on th~ estimated
time of construction of each item in the improvement plan as
shown in appendix 3. No interest vas charged for items '-lith a
construction period of 1 year or for the channels along the
Agua Fria and the New Rivers and along Skunk Creek•. It uas
considered that benefits would accrue to these items as con
struction proceeded. Interest on the other items was charged
at 3 percent.·

84. Estimates of investments and of average annual
charges for the recommended plan are given in the following
table:
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Estimated total investment and annual charges, improvements under
recommended plan, Phoenix, Ariz., and vicil1.ity (including New
River) based on October 1963 prices

Federal investment:
(1) First cost ~ .
(2) Interest during construction••••••••••••••

(3) Total Federal investment ••••••••••••••

$59,680,000
1,210,000

60,890,000

Federal .

Say .

Non-Federal•.......••..•... 0 .

1,827,000

100,000

1,927,000

11,120,000
510,000

11,630,000

350,000

19,000

212,000
228,000

809,000

1,927,000
809,000

2,736,000
)2,740,000

Total annual charges ••••••••••••••••••

(3) Total Federal annual charges ••••••••••

Federal annual charges:
(1) Interest, 3 percent on item (a) (3) •••••••
(2) Amortization of Federal investment in

100 years at 3 percent, 0.001647 times
item (!:) (3) ................•...........

Non-Federal investment:
(1) First cost .. ,. .
(2) Interest during construction••••••••••••••

(3) Total non-Federal investment ••••••••••

Non-Federal annual charges:
(1) Interest, 3 percent of item (c) (3) •••••••
(2) Amortization of non-Federal fuvestment in

100 years at 3 percent, 0.001647 times
i telu (c) (3) .

(3) Net loss-of productivity of land (.06-.03)
t~nes cost of rights-of-way not including
acquisition costs •••••••••••••••••••••••

(4) Maintenance and operation•••••••••••••••••

(5) Total non-Federal annual charges ••••••

Total annual charges:
(1)
(2)

(3)
(4)

(b)
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ESTD~TE OF BENEFITS

85. Tangible benefits .--Tangible benefits ,{QuId accrue from
the prevention of flood damages under the recommended plan of
improvement. In addition, benefits would also accrue to the recom
ffiended improvements from an increase in the utilization of land in
the overflow area. No benefits from water-conservation, hydro
electric power, or water-based recreation would result from the
improvements. Additional information on the development of
benefits is given in appendix 4. Pertinent information on tangible
benefits is given in the following subparagraphs.

(a) Benefits from flood damages prevented.--Construction of
improvements under the recommended plan would provide a high degree
of protection to lands and improvements along Dreamy Dravr, Cave
Creek, and Skunk Creek, along the New River and the Agua Fria River,
and to property subject to sheet flow originating in the lower Deer
Valley area. Those floodflows up to the capacity of the channels
that originate upstrea~ from the Arizona Canal (from 12th Street to
the New River) and upstream from the Union Hills channel (from
about 40th Street to Skunk Creek) would be controlled and conveyed
to the Gila River. Within the protected area, average annual
damages prevented are estimated at about $7,750,000, which is about
89 percent of the total average annual potential damage. The
flood-control channels would also provide outlets for all storm
drainage works that may be constructed by local interests in the
area.

(b) Benefits from increased utilization of land.--Benefits
from increased utilization of land were estimated to accrue to
about 1,840 acres of land in the overflow area of Cave Creek,
generally east of the n:.ain stream and south of Bell Road. This
area, about 2-1/2 miles long and 1 mile wide, is presently desert
land dissected by numerous washes and is not suitable for develop
ment without substantial expenditures for flood control. To
provide protection from even small floods, large aItounts of fill
material '.ould be required to -bring building floor levels above
flood level. Even with such filling, the area would still be
subject to damage from larger floods.

(c) With flood protection, this area would be Guitable for
residential and commercial development similar to such development
in other areas nearby. Although alternative locations now exist
for the development expected on this land, it is considered that
the rapid and continuing gr01'rth of the Phoenix metropolitan area
will require the complete utilization of the existing land resources
over the next 20 years. The land-enhancement benefits accruing
from the proposed improvement .,ould be the difference bet'-leen the
market value of the unimproved land if all informed buyers and
sellers expected no flood protection and the market value of the
unimproved land if all informed buyel"S and sellers expected flood
protection.
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(d) Detailed studies were made of the value of land - both
inside and outside the area - that would be protected by the pro
posed improvement. It is estimated that ·the land would increase
in value from an average of $2,500 per acre under present conditions
to $8,000 per acre with flood control, an increase of $5,500 per
acre. It is estimated that the land would reach complete develop
ment within 20 years; the total increase of value is estimated at
$10,100,000. The annual return at 6 percent interest, on the
present vlOrth of the land-value increase due to estimated land
enhancement, would be the average annual land-enhancement benefit,
which was computed to be $460,000.

86. Intangible benefits. - -Many benefits not susceptible of
monetary evaluation would accrue from the operation of the improve
rr.ents considered in this report. Such benefits would include
reduction of the danger of loss of life from floods. loss of life
has occurred in the Phoenix area in previous floods and, with the
rapidly increasing development in the overflow area, the danger of
loss of life is increasing.

87. other intangible benefits would result from (a) the
prevention of such interruption of services from the ArIzona Canal
as vTould occur vnlen the canal is emptied to perform flood-control
diversion during rainstorms or is breeched by floodflows; (0) the
reduction of epidemics caused by flood damages to sewer and-water
systems; (c) the prevention of interruptions to traffic, business
transactions, public utilities, home life, and school and other
normal cOffiffiUnity activities; and (d) the preservation of commu
nity morale by reducing the fear of floods in the overflow areas.

88. Summary of tangible benefits.--The average annual
tangible benefits that ,",ould accrue under the recommended plan
of improvement are summarized in the follm-Ting table:

Average annual benefits from
flood damages prevented ••••••••••••••••$7,750,000

Average annual benefits from
increased utilization of land •••••••••• 460,000

Total average annual tangible
benefits from recommended
improvements ••••••••••••••••••••••••••• 8,210,000
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PROJECT FORMULATION AND JUSTIFICATION

89. Summary of economics.--A summary of the economics of the
recommended plan of improvement is' given in the follO'l-Ting table:

SUlnmary of economics for improvements under reccurnended plan for
Phoenix, Ariz., and vicinity (includir~ Hew River)

Item

Total first cost (October 1963) :
Total ap.nual charges :
Average annual benefits ••••••••••..••••••.•." :
Benefit-cost ratio ~ ." :
Intangible benefits :

Value

$70,800,000
2,740,000

*8,210,000
3.0 to 1

Large

)

* Comprising $7,750,000 for flood damages prevented and $460,000
for increased utilization of land.

90. Project formulation.--Construction of the ir:iproven:ents
recommer-ded in this report would provide feasible and justifiable
protection to a part of metropolitan Phoenix. 7ne area includes an
intensively developed residential and co~ercial section along
Cave Creek between the Arizona Canal and the Salt Riverj a rapidly
developing residential and commercial area along Cave Creek oetween
Bell Road and the Arizona Canalj agricultural development along
Skunk Creek, along the New River, and alor.g the Im·rer Agua Fria
Riverj and residential and commercial development in the co~~u

nities of Peoria and Avondale, "Thich are on the ~re1-l River ar..d the
Agua Fria River, respectively.

91. The project was formulated to control as much of the
floodflow as possible in the drainage area involved, to divert
residual flows in Deer Valley and Cave Creek to Skunk Creek, and
to improve Skunk Creek and the Ne,·, and the Agua Fria Rivers so
that they can carry these residual flow's to an adequate point of
disposal. The recommended detention basins were designed to con
trol a standard project flood. The diversion ctanr..els and other
irnproved channels would control all floods up to a design flood,
which is expected to occur on an average of about once in every
100 years. Floods of these magnitudes, although only about 46
percent of the uncontrolled standard project flood, are larger
than any known flood on record in the metropolitan area. The
capacities of the recommended channels would be considerably
more than the nondamaging capacity of the existi:J.g Hashes.

92. Selection of the magnitude of the design flood for
the recommended improvements was based on econoreic factors and
on the desired degree of protection to be provided. The hazards
of loss of life in areas directly downstream from the detention
basins and the effects of disruption of community activities
on the occurrence of floods are great and support the need for a
high degree of protection in the overflO\l areas to be protected
by these improvements. The detention basins control floodflOi';S
on the major streams in the area. It is essential to control as
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much of such flows as possible so as to decrease the residual flows
dm'ffistream from the detention basins. Toe detention basins ioTere,
therefore, designed for a standard project flood. The capacity of
the recommended channels throug~~ the urban areas "auld be exceeded
only on infrequent intervals, and additional flood-control benefits
developed by increasing the design discharge ~rom that of a lOa-year
flood to that of a standard project flood would amount to only
;~175,OOO annually, which is less than 3 percent of the total average
annual benefi~s resulting from flood damage prevented under the
recommended plan. The channels through the urban areas have design
capacities that are adequate to carry the outflolTS from the deten
tion basins and, in addition, to control the rtl.LJ.off equal to the
magnitude of a laO-year flood from the areas do\!nstre8l:l ~rom the
detention basins. The channels ~,rould be entrenched, thus eliminat
ing the need for levees -. }Those rupture uould create destructive
flows. In the event of a flood exceeding the capacity of the
channels, ove:::flolol' ~Tould be at shallou depths and modest velocities.
In addition, the overflow would not be destructive and should result
in little or ~o threat to life. Increasing the design discharge
beyond that need in this report could not be justified by the rela
tively small additional average annual damages that would'be pre
vented. Tne iegree of protection to be provided is considered
reasonable in light of the present and future development expected
in the area.

93. Local interests expressed agreement with the recommended
plan in that it meets the needs for flood control in the northwest
and ,,,est pal~t of the Phoenixrl1etropolitan area.

94. The recommended plan 'Jould pl.'event about 89 percent of
the total average annual damages in the overfloil areas along Dreamy
Draw, Cave Creek, SlUh~ Creek, the New River, and the Agua Fria
River. I>1ost of the residual da..'1lages "Tould result from excessive
flows' originating dounstream from the proposed iolOrks. It is essen
tial that local interests continue to construct storm-drain
improvements for the control of local storm uaters. The recommended
channel improvements, particularly the channels in the Neil and the
Agua Fria Rivers, iIould provide a major outlet for a local storm
drain system.

95. As discussed under a precedL'1.g heading "Multiple-Purpose
Features, " consideration ioTas given to the develol)ment of fish-and
iTildlife and recreational facilities at the rroposed detention- .
basin sites. Although these facilities apparently are not
justified under present conditions of streamflow, they probably
could be incorporated into the project plans iTith the importation
of water fron the 90lorado River, as proposed by the Bureau of
Reclamation's Central Arizona project.

96. Such additional information on the recommended plan as
called for by Senate Resolution 148, 85th Congress, 2d session,
adopted on January 28, 1958, is contained in a supplement to this
report.
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RELATIONSHIP OF RECO?~NDED PLAN TO CCMPREEENSIVE BASIN PLAN

97. The improvements recommended in this report would be an
integral part of the cemprehensive plan for floed control in the
Phoenix metropolitan area, which in turn would be an integral part
of the comprehensive basin plan for the Gila River basin, a unit
of the Colorado River basin.

98. The recommended improvement \vould alleviate a serious
local flood problem within the rapidly growing Phoenix metropolitan
area. It would (a) provide economically justified flood protection
for overflow areas along Dreamy Draw, Cave Creek, Skunk Creek, the
New River, the Agua Fria River, and for several unnamed tributary
washes and (~) permit higher utilization of about 1,340 acres of
land needed for residential and commercial development in the
rapidly expanding area of Deer Valley, east of the main Cave Creek
channel. Removal of the floed hazard by the recommended improve
ments would also permit optimum development of the remaining open
areas in this fast-growing area. The flood problem in the Phoenix
metropolitan area is not interconnected ~~th flood problems in
other parts of the Gila River basin.

99. The proposed Central Arizona project of the Bureau of
Reclamation includes an aqueduct that would pass through the Cave
Creek, Skunk Creek, and the New River drainage areas. To provide
flood protection to the aqueduct, the Bureau is considering protec
tive works upstream from the aqueduct. The exact location of the
aqueduct or the required protective works has not been determined.
Should the Central Arizona project be authorized by Congress, the
required flood-protective works would be coordinated ~~th the
recommended plan and integrated into the comprehensive plan for
the area.

100. The recommended plan would provide needed flood protec
tion to the Arizona Canal, one of the main irrigation canals in the
Salt River Valley. Interruption of delivery of irrigation water
would be lessened considerably with resultant beneficial effects
on the economy and morale of the valley. In addition, several
elements of the plan could be used as outlet channels for storm
drains constructed by local interests.

PROPOSED LOCAL COOP"'~TION

101. The local cooperation that \vould be required for the
project is based on the requirements of applicable laws. As a
requisite to construction of improvements by the United States
under the recommended plan, responsible local interests would be
required to:



(~) Provide - without cost to the United States - all lands,
easements, and rights-of-w~ necessary for the construction ~~d sub
sequent maintenance and operation of the project, at a cost estimated
at $7,320,000.

(£) Perform - without cost to the United States - all necessary
construction or relocation of highways, roads, bridges, utilities,
and all necessary street modifications required in connection with
the project, at a cost estimated at $3,800,000.

(£) Hold and save the .United States free from damages due to
the construction works.

(9:) Maintain and operate all the works, after completion, in
accordance with regulations to be prescribed by the Secretary of the
Army, at an average annual cost estimated at $22G,OOO.

(e) Prevent any encroachment upon the improved channels or
within the detention-basin areas that would reduce their flocd
conveying or storage capacities.

(f) Hold and save the United States free from all damages
arising from water-rights claims resulting from construction} main
tenance, and operation of the project.

102. An analysis of the land-enhancement benefits indicates
that no windfall benefits would accrue to anyone individual or
group. The 1,840 acres subject to land enhancement are now mmed by
about 100 different individuals. At the time of full developnent of
the area, it is estimated that as many as 5,000 o\mers would be in
the area. It is, therefore, considered that no local contrib'J.tion,
because of benefits from land enhancement, is required.

103. The Board of Directors of the Flood Control District of
Maricopa County, AriZ., by resolution dated November 7, 19'63, indi
cated a willingness to provide the items of local cooperation
previously listed. A copy of the resolution is included in
AppendiX 6: Resolution by Local Interests. Available information
indicates that the Board of Directors of the Flood Control District
of Maricopa County has the legal authority to meet the specified
local-cooperation requirements. Their financial ability is probably
dependent upon approval of a bond issue for the purpose.

104. The Department of Commerce has informed the Chief of
Engineers that Federal-aid highway funds are not available to defray
any part of the costs of altering Federal-aid highways for flood
control projects; where local interests are required to assume the
cost of such adjustment as part of the local-cooperation require
ments.
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COORDINATION WITH OTHER AGENCIES

105. The flood problen and possible measures for preventing
flood danages in Fhoenix, A~iz., and vicinity (including New River)
were discussed with represe~tatives of the city of Phoenix, Maricopa
County including the Floo~ Control District of Maricopa County,
the State of Arizona, interested Federal agencies, and private indi
viduals.

106. A meeting was held in PhoeniX, Ariz., on October 30, 1963,
to present the proposed plan of improvement to local interests and
to Federal and State agencies, to ascertain their views, and to
insure that the recommended plan would be an integral part of the
comprehensive plan for flood protection in the Phoenix metropolitan
area.

107. Draft copies of this report were submitted to all Federal
and State agencies kno"~ to have an interest in the investigation.
Comments received from those agencies and replies by the U.S. Army
Engineer District, Los Angeles, where pertinent, are inclosed in
appendix 5. Plans for the recommended improvement do not conflict
with the plans of other Federal or non-Federal agencies. A summary
of significant comments is given in the following subparagraphs.

(§:) The Bureau of Land Management noted that the program of
flood-control improvements would not seriously affect the management
of publio::: land in the area. The Bureau did state, hOvTever, that it
was possible that their land-disposition program might be affected
indirectly because access to these lands may be removed by construc
tion of the project. The reply by the U.S. Army Engineer District,
Los Angeles, indicated that, after a definite location of the
improvement was established during the detailed design studies, the
problem of access to public lands would be resolved. The Bureau
also commented on the need for expansion of wildlife habitat and a
retention of dead-water storage for the benefit of game birds. A
d.etailed study of this' aspect of the improvement will be made during
the detailed design studies after authorization of the project.

(E) The Bureau of Public Roads affirmed the statement in the
report that Federal-aid highway funds are not available for use on
highways or bridges built or reconstructed as part of the local
cooperation requirements.

(~) The Bureau of Mir_es noted that the area has a low poten
tial for minerals other than sand and gravel and that possible loss
of mineral reserve because of the project would be negligible.

(9) The Bureau of Reclamation commented that the recommended
plan of :L.'11.provement "Tould alleviate a serious local flood problem
within the rapidly growing Phoenix metropolitan area. The Bureau
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noted that the Granite Reef aqueduct of the Central Arizona project,
proposed by the Bureau of Reclamation, would cross the New River and
Skunk and Cave Creeks. The Bureau further expressed the opinion
that these proposed flood-control facilities could be adapted for
multiple-purpose use with ~tual advantages for the Central Arizona
project aqueduct facilities; for the future municipal water-supply
treatment and distribution facilities of the city of Phoenix, to be
supplied from the proposed Central Arizona project; and for the
recreational plans of the It.aricopa County Parks and Recreation
Department. The Bureau indicated that, after the Central Arizona
project aqueduct plans are firmed, any conflict in location between
the features of the Central Arizona project and. the flood-control
program proposed in this interim report would be adjusted and the
best overall plan adopted by all interested parties.

(~) The U.S. Fish and Wildlife Service agreed that the improve
ments proposed in this report would provide a large measure of flood
protection to portions of metropolitan Phoenix. The Service con
cluded that the project would result in some wildlife-habitat losses
that would be compensated, in part, by increased amounts of wildlife
food plants in the floodwater-detention basins and that no hunting
benefits would be realized. The Service recommended that additional
study be made to determine the feasibility of including provision
for future storage in the Adobe, the Cave Buttes, and the lower
New River detention basins for development of fishery pools. In
reply, the U.S. Army Engineer District, Los Angeles, presented the
information now included under a preceding heading UMultiple-
Purpose Features. 1I The Service was also advised that serious consid
eration would be given in ieveloping detailed plans to providing a
minimum disturbance of trees and shrubs, as recommended in their
report.

(!:) .The Federal Power Commission indicated that the develop
ment of hydroelectric power in connection with the proposed improve
ments would not be economically feasible.

(g) The U.S. Forest Service found that approximately 30 percent
of the drainage area upstream from the proposed flood-control struc
tures is within the Tonto and Prescott National Forests. The Service
noted that their management of those lands is a vital part of the
overall flood-prevention effort and would enhance the value of the
proposed flood-control project.

(h) The National Park Service was pleased to learn that,
although water-based recreation is not a purpose of the project,
some recreational develo~ent and use of the project area could be
made by local interests. The Service also stated that, if the
project is authorized, arrangements would be made for an archeo
logical survey and necessary salvage.
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(!) The U.S. Public Heclth Service recommended certain prin
ciples and practices in the design, construction, operation, and
maintenance of the proFosed pyoject to minimize conditions that
would increase populations of mosquitoes. T:!".e Service also made
recommendations regarding the relocation of water mains and the
treatment of wells. These recommendations would be considered in
later studies and during construction of the project.

(j) The area hydrologic engineer of the U.S. Weather Bureau
indicated that, because of tee erratic nature of flash-flood
producing storms and the limited time bet~een rainfall and runoff,
it would be impracticable to provide adequate warning service of
possible floods. He further indicated that the recommended project
should provide needed protection from serious flooding in the metro
politan Fhoenix area.

(~) The Arizona Game and Fish Department pointed out that
some provision should be made in initial planning to allow for
future consideration aLd possible expansion of fish and wildlife
in the event a conservation pool is feasible. The Department indi
cated that the possibility of water-conservation storage in the
Cave Buttes and the Ne~ River detention basins should not be over
looked. The Department also expressed concern regarding the elimi
nation of vegetative grov~h and subsequent wildlife-habitat losses
within the detention basins ar.d along the water courses; in reply,
the U.S. Army Engineer District} Los Angeles} indicated that serious
consideration would be given in the development of detailed plans
to provide a minimum C:3turt~~~e of trees and shrubs. In reply to
the other comments of the Department} the U.S. Army Engineer District}
Los Angeles, presented info~tion that is included under a preceding
heading "Multiple-Purpcse Features."

(!) The representative of the Governor of Arizona for flood
control matters concurred with the recommendation as expressed in
this report. He indicated that the project has been shown to be
economically feasible and conforms to the interests and needs of the
Phoenix area. He stated that the State Land Department "''Quld
cooperate with local interests in obtainip~ rights-of-way for the
project .and that the Arizona Highway Department would cooperate in
the preparation of plans for proposed crossings of State highways.
He pointed out} however, that the Arizona Game and Fish Department
is concerned over the effect of the program on wildlife and is
interested in the development of recreational areas. With reference
to the wildlife and recreational aspects of the program} the reply
of the U.S. Army ~r.gineer District, Los Jl~geles, presented informa
tion that is included under a preceding heading "Multiple-Purpose
Features."

(~) The Department of Water Resources of the Resources Agency
of the State of California ~d the Colorado River Board of California
indicated that the interest of the State of California in the Colorado
River would not appear to be pre,judiced by the proposed developments.
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CONCLUSIONS

108. The district engineer conCludes that:

(a) A serious flood problem exists along Dreamy Draw, Cave
Creek, -Skun..-k Creek, and along the New and the Agua Fria Rivers
where intensively developed urban and agricultural areas, within
and adjacent to the city of Phoenix, Ariz., are subject to damage
by floods.

(:£) The danger of loss of life and the menace to health by
floods in the area are great.

(~) Without additional flood control, a large area of land
adjacent to Cave Creek would not be developed to its full potential.

(d) Economically feasible protection can be provided by the
construction of (1) the Cave Creek, the Skunk Creek, the New River,
and the Dreamy Draw Dams; (2) the Union Hills and the Arizona Canal
diversion channels; and (3) the Cave Creek, the Dreamy Draw, the
Skunk Creek, the New River, and the Agua Fria River channel improve
ments . The proposed improvement would prevent 89 percent of the
potential flood damages in the area and permit higher land use on
about 1,840 acres of land.

(e) The proposed plan is an integral part of the comprehen
sive floed-control plan for the Phoenix metropolitan area and would
be a unit of the comprehensive plan for overall development of the
Gila River basin.

(f) The total first cost of the recommended improvements is
estimated at $70,300,000 (October 1963 prices). Based on estimates
of average annual charges of $2,740,000 and average annual tangible
primary benefits of $8,210,000, the benefit-cost ratio wo~d be
3.0 to 1.

(g) The recommended improvement is feasible froJ;ll an engineer
ing standpoint, is well justified economically by the tangible
benefits alone, and is further justified by significant intangible
benefits.

(l!) Detailed consideration should be given to modifying the
recommended detention basins to incorporate fish-and-wildlife and
recreational facilities after plans of the Central Arizona project,
proposed by the U.S. Bureau of Reclamation, are firmed.
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RECOW<iENDATIONS

109. The district engineer recommends:

(a) That the United States adopt a project for the control of
floods-along Cave Creek and its tributaries and along SIUInk Creek,
the New River, and the Agua Fria River in and adjacent to the metro
politan Phoenix area, at an estimated total first cost of
$70,800,000 (October 1963 prices) and an average annual cost of
$228,000 for operation and maintenance.

(:e.) That construction of the recommended improvements, at a
total estimated cost to the United States of $59,680,000 (October
1963 prices), be subject to the condition that local interests
s~pply assurances satis~actory to the Secretary of the Army that they
will (1) provide - without cost to the United States - all lands,
easements, and rights-of-way necessary for the construction and sub
sequent maintenance and operation of the project, at a cost esti
mated at $7,320,000; (2) perform - without cost to the United States 
all necessary cor-struc~ion or relocation of highways, roais,
bridges, utilities, and all necessary street modifications required
in connection with the project, at a cost presently estimated at
$3,800,000; (3) hold and save the United States free from damages
due to the construction works; (4) maintain and operate all the
works, after completion, in accordance with regulations to be pre
scribed by the Secretary of the Army, at an average annual cost
estimated at $228,000; (5) prevent any encroachment upon the
improved channels or within the detention-basin areas that would
reduce their flood-conveying or storage capacities; and (6) hold
and save the United States free from all damages arising from water
rights claims resulting from construction, maintenance, and opera
tion of the project.

Cc:) That the recommended detention basins be modified to pro
vide fish-and-wildlife and recreational facilities upon the finding
of economic justification by the Corps of Engineers in cooperation
with appropriate State and Fedp.ral agencies.

6 Appendixes
(See table of contents.)

A. R. ~:.AR.sPJ.r.L

Lt. Col.,Corps of Engineers
Acting District l.ngineer

49



SPooP (15 J a..'1 64) 1st Ind
SUBJECT: Interim Report on Survey for Flood Control, Phoenix, Ariz.,

and Vicinity (Including New River), Gila River Basin, Ariz.

U SArmyEngr Div, South Pacific, San Francisco, Calif

TO: Chief of Engineers

12 Feb 1964

I concur in the conclusions and recommendations of the District
Engineer.

)

6 locI
o/c

~s~
ARTHUR H. n: J~~ ,
Brigadier General"~ s. Army
Division Engineer
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APPENDIX 1 - HYDROLOGY
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HYDROLOGY

PHOENIX, ARiz., AND VICINITY (INCLuDING NEW RIVER)
GILA RIVER BASIN, ARIZ. AND N. MEX.

SCOPE

)
1. This appendix contains descriptions of studies made to deter

tine the standard project flood and to estimate the maximum probable
flood and sediment storage pertinent to the flood-control planning
discussed in the main report. The boundaries of the drainage area and
drainage subareas and the rec~~~lended detention basins} chpnnel improve
;:".:::1.:75} a..."ld. diyersions are sl1c~:n on plates 1 and ?. Lo~ations :for ~tihich

star-iard pro2ect floods were dete~ined and the locations for whi~h

estimates of maximum probable flood and sediment storage were made are
given in the following table:

.,.,;"".

Pertinent information on estimates at various concentration oints
Phoenix, Ariz.} and vicinity including New River

Tio. * Location Drainage
area

Type of estimate

.
See footnotes at end of table.

10 4/
Do .!L'"Tr
Do .:f!

:to 4/=

Flood hydrographs,
sediment storage.##

Peak discharge.#
Do-1J

Flood hydrographs ,
sediment storage.##

Peak discharge.#

Peak discharge.#
Do.ff
Do .:Ii

82·5

170.0

**398.0

**348.0

**333·0

**224.0
*m4.o

**12.6

**640.0
'**595·0
**587·0

Square
Agua Fria River: miles

ht Gila River ~ :**2/~lO.0

Downstream from confluence :-l!-*2} 570.0
with New River. .

NeW" River:
At Agua Fria River •........ :
At U.S. Highway No. 60 ..... :
Downstream from confluence

with Skunk Creek.
At New River detention

basin.
Skunk Creek:

Downstream of Arizona
Canal diversion chaP~el.

Upstream of Arizona
Canal diversion channel •

Downstream of Union Hills
diversion channel.

At Adobe detention basin... :

Union Hills diversion
channel:
At Skunk Creek•••...•...•.• :
West of Cave Creek•.•.••••• :
3 miles east of Cave Creek.:

'7 •I •••••

2 .... :

3· :
4 .
5· ... :

6..•. :

8.... :

, .
...i.. ••• '.

c .
../ .....
...LO ••• :

11. .. :
12... :
13· .. :

.)

I
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Pertinent information on estimates at
Phoenix, Ariz., and vicinit includinO'

No.*

14... :

15· .. :

15a.. :

16... :
17.. · :
18... :

19··· :
20 ... :

20a .. :

Location

Cave Creek:
At Union Hills diversion

char_11.el.
Downstream of Cave Buttes

detention basin.
At Cave Buttes detention

basin.
Arizona Canal diversion

channel:
At Skunk Creek :
West of Cave Creek :
At 19th Avenue .....•.•..... :

Dreamy Dra,,,:
At Arizona Canal :
Downstream of Dreamy Draw

detention basin.
At Dreamy Draw detention

basin.

Drainage
area

Square
miles

200.0

193·0

193·0

2·7
1.3

1.3

'I'YPe of estimate

Peak discharge .#

.Do·lf

Flood hydrographs,
sediment storage.##

Peak discharge.#
Do.#
Do ./i
Do .:/;
Do.#

Flood hydrographs,
sediment storage.##

)

* Concentration point numbers; see pl. 2 for location.
~ Assumed contributing drainage area, including total drainage area

abcve diversion channels.
_.!1.
Ii Standard-project-flood peak discharge only was required.
f,-f/: Standard-project- and maxmum-probable-flood hydrographs were

required.

GENERAL DESCRIPTION OF DRAINAGE AREA

2. Physio~ra hic characteristics.--The Phoenix, Ariz., and
vicinity area including New River is in Haricopa and Yavapai
Counties in the central part of Arizona (see pl. 1), and comprises
approximately 2,610 square miles. The basin is generally oval in
s:,· ,ape '1li th a maximum length and ,d.dth of approximately 90 and 45 miles,
:~es?ectively. Approximately 70 percent of the drainage area is moun
t2.2.:l0US and the remaining 30 percent is valley area. The mountain
areas are characteri:zed by rugged terrain and steep gradients; the
lo',;er areas consist of fairly flat valley land with regular alluvial
sl0:ges. Elevations in the area range from about 7,000 feet above
mean sea level in the headwaters to about 900 feet at the Gila River.
The main streams are the Agua Fria ana the New Kivers and Skunk ana Cave,
Creeks. The length of the main "'Tatercourse, the Agua Fria River, is
ap~:c.oximately 115 miles. The main tributary, the NefT River, has a length

1-2
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of approximately 48 miles. The gradient of the Agua Fria River
ranges from about 300 feet per ~ile in the headwaters to about
70 feet per mile at the canyon ffiouth and to about 10 feet per mile
at the Gila River. A series 0: variable length, parallel, intermittent
streams descend the slopes of the mountains to the valley where,
in many cases, the watercourses are not .rell defined and the flow
is across the developed valley areas to the Salt and Gila Rivers.
The valley area includes the cities of' Phoenix and Glendale and
several small communities. The suburban developments are
increasing rapidly. Streambed profiles above the recommended
detention basins are shown on plate 3. There is not enough topo
graphical data for the Dreamy Draw drainage area to determine a
streambed profile. L~e estimated gradient of the stream upstream
of Dreamy Draw detention basin is approximately 280 feet per mile.

3. The rock materials ir: the mountains vary widely•. The
materials ~clude ~ir.e-grained) coarse-grained, and metamorphosed
granites, including g~eiss and schist; sandstones, breccias, and
metamorphosed sediine!}:tar:r rocY.s; and various lava rocks, including
baseJ.t, ~'1desite, rb.:y-~lite, vclcenic glass, and white' tuff.
The soils are typical of desert and semidesert regions, being
mostly shallow, rocky: and poC'rly developed. The soils in the
mountains are residual. The Yalley area occupies a broad plain
that has been built ~~ from water-deposited soil-forming materials
and rock debris. Tnese soils consist of various forms of clays
and loams. The soils rar.ge f~m coarse material in the upper
parts to fine n:aterial ir. the 10'\ver parts of the area. The soils
in the lower foothill and. valley areas are alluvial and in some
places are fairly well developed.

4. In general, the vegetation is sparse. Cacti grow through
out the area along with other iesert shrubs on the fairly level
areas at the lower elevations. A few stunted trees) including
juniper, paloverde, mesquite, ironwood, and scrub oak) are among
the shrubs. The vegetation tends to be thicker along and adjacent
to the stream courses. Perennial grasses form a negligible part
of the vegetation, but good covers of annual grasses occur after
the winter rains. The natural vegetation is rapidly being replaced
by suburban development:- including residential, commercial, and
industrial areas in the foothi:.ls and valleys.

5. Hydrometeorclogical characteristics.--The climate is
typically desert in character.. w-i th short, mild winters and long,
hot summers. High di '...U'r.al temperature variations are characteris
tic. The prevailing winds are from the east and are usually light,
although severe .Tindstorms occ·.rr at rare intervals. The 90-yeaJ.'
(1868-1957) mean annt:.al precipitation ranges from about 24 inches
in the headwaters to about 7.5 inches in the lower portion and
averages about 14.5 inches. (See pl. 1.) Precipitation is
divided about eClually between the summer and winter seasons.

1-3



6. Three types of storms produce precipitation in the general
area: general winter storms, general summer storms, and local
thunderstorms. A brief description of each storm type is given in
the following subparagraphs.

(a) General -vTinter storms usually occur during the period from
December to March, inclusive. They originate over the Pacific Ocean
as a result of the interaction between polar Pacific and tropical
Pacific airmasses and move east1fard over the basin. These storms,
which often last for several days, reflect orographic influences and
are accoIrq)anied by widespread precipitation in the form of snow or
rain.

(:£) General sunnner storms usually occur during the period from
July to September, inclusive. They are associated with an influx of
tropical maritime air originating over the Gulf of Mexico or the
south Pacific Ocean and entering the area from a southeast to a
south'Test direction. Usually tte influx of tropical air is caused
by the circulation aro1J11..d a high-pressure area centered in south
eastern United States, but occasionally it is caused by remnants of
a tropical hurricane. General summer storms are often accoIrq)anied
by relatively heavy precipitation over large areas for periods up
to 24 hOurs, but showers may continue for as long as 3 days.

(~) Local thunderstorms can occur at al'1y time of the year,
either during general storms or as isolated phenomena. However,
they are most common during the period from July to September,
inclusive, when the basin is frequently covered by moist, unstable
air originating over the Gulf of Mexico. These storms cover com
p8.ratively small areas and result in high-intensity precipitation
for d~rrations of 3 hours or less.

7. Runoff characteristics.--Little runoff occurs except
during and immediately following the heavier precipitation because
climatic and drainage-area characteristics are not conducive to
continuous runoff. Because of steep gradients, streamflow in the
mountains increases rapidly in response to high-intensity precipi
tation and causes debris-laden floods with high pea-les that debouch
onto the valley plains below. T..'1e percentage of impervious area
is increasing appreciably with the rapid suburban development taking
place in the area. Vegetation, being sparse, has negligible effect
on flood runoff.

8. Existing structures affectin runoff.--The Cave Creek
flood-control dam completed in 1923 , which is under the jurisdic
tion of the Salt ~iver Valley Water Users Association, is about
18 miles north of downtown Phoenix. (See pl. 1.) The original
reservoir capacity was approximately 14,000 acre-feet, and in 1948
the capacity was estimated at 11,000 acre-feet. There is no infor
mation available on the present capacity. There are three outlets
vrith a total capacity of about 1,600 cubic feet per second with
vTater surface at top of the dam. At the present time, one of the
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outlets is ungated and the other two are blocked. The top eleva
tion of the dam is 1,642 feet. The spillway, a nat1:ll'al saddle, is
in the hills to the east of the dam and has a crest elevation of
1,638 feet. Cave Creek flood-control dam provides inadequate
protection against a standard project flood due to its limited
capacity. Lake Pleasant Dam (completed in 1927), which is under
the jurisdiction of the lI!8Xicopa County Municipal Water Conserva
tion District No.1, is about 3C miles nort~l-northwestof do..mtown
Phoenix. (See pl. 1.) Tne present capacity at elevation 170 feet
(top of raised spillway gates) is approximately 164,000 acre-feet.
McMicken Dam (completed in 1956), 'Which "TaS constructed by the
Corps of Engineers about 25 miles northwest of downtown Phoenix
(see pI. 1), is under the jurisdiction of Maricopa County Municipal
Water Conservation District No.1. The capacity of the reservoir
at spilbTay crest (elevation 1,354 feet) is apprOXimately 19,300
acre-feet. The capacity of the outlet channel is 14,000 cubic feet
per second. There are several irrigation C8...'1als ,.;i th levees in the
Phoenix area under the jurisdiction of the Salt River Valley Water
Users Association that were constructed in the early 1900's.
(See pI. 2.) The Arizona and Grand Canals flow through the city of'
PhoeniX, north of and generally parallel to the Salt River. Their
capacities in the vi.cinity of Ca7e Creek are approximately 800 and
600 cubic feet per second, respedively. The irrigation canals in
the area intercept low flows, but have little effect during high
flovTS. Spillways are usually provided along the canals at the
larger washes to permit excessiye floods to pass over the canals.

PRECIPITATION AND RUNOFF

9. Precipitation records.--Precipitation records are avail
able for approximately 53 precipitation stations in and near the
study area. The longest records are for Prescott, which has
96 years of record during the period 1866-1962; and for Phoenix
Post Office, 'Which has 84 years of record during the period 1876
1962, and also a recording-gage record begirming in 1901. The
areal coverage of recording precipitation stations is inadequate, as
there are only five active stations in the area. The 90-year
(1868-1957) mean annual precipitation for the area (see pI. 1) was
determined by correlating record.s at all precipitation stations in
the area that had 5 or more years of record ,vi th selected base
stations in the area. The correlation was based on simple linear
regression equations determined by the least squares method.
Pertinent data on precipitation stations are given in table 1 and
station locations are shown on plate 1.

10. Runoff records. --Runoff records are available for
10 stream-gaging stations ir_ ar.ri near the stud.y area. The 10ugest
record 1S for the station Gn the Agua Fria River at Lake Pleasant
Dam, Ariz., which has 34 years of record during the period of
1914-19, 1933-62. Records of discharges during floods are
inadequate.
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11. Storms and floods of record.--Historical accounts indi
cate that ~any da~aging floods have occurred in the Gila River
basin. Sizable floods were produced by the general storms of
February 1&S4, February 1891, January 1916, and February-March 1938,
but available records and estimates of severity are insufficient
for dete..iled. a..l1alysis for the stud.y area. Gener81 winter storms
may cause f:ooding in the study area, but the larger floods gener
ally occur iuring the smmner months as a result of local thunder
storms. Severe local storms and floods occurred in the Phoenix
area in 1921, 1935, 1936, 1939, 1943, 1951, 1955, 1956, and 1957·
Records for these floods are scarce as are records of other storms
that may have occurred in that period. Brief descriptions of the
storms and floods of January 1916, August 3, 1943, August 26-29,
1951, Sept~oer 25-26, 1962j together vdth the Aug~st 19, 1954,
storm (sout~east of Phoenix), which was used to develop the
standar~-prcject-floodhydrology, are given in the following
sucparagrapr:s.

(a) S"':orms and floods of January 1916. --Two general .dnter
storms-occurred over the Gila River basin in January 1916. The
first s~on~ period extended from January 14-21 and the second from
January 25-30. Both storms originated over the Pacific Ocean.
Both were centered in the area north of Roosevelt Reservoir, rith
seconda.r-J centers in the Pinal and Santa Catalina IvfoTh""ltains. The
se~ond sto~ had another secondaFJ center in the area tributary to the
;_S'.la Fr::'a a::d. thr: Y-asBaya'::llc. ?ivp.:.-:~. TIle first storm, ,·rhich was of
broader areal extent than the secend, produced the larger flood.
TI1e isocyetal map on plate 4 shows the area distribution of precipi
tation that occurred between January 14 and 21. Observed total
prE~cipitaticn at Phoenix for the t"o storms was only 2.07 inches.
Ground cona:.tions were conditionec~ for runoff oring to the occur
rence of precipitation on January 10-12 and to the presence of
sno.r cover over much of the m01.mtain area.

(b) Tr-_e maximum discharge of the second flood on the Ague
Fria R~.rer at Lake Pleasant Dam (drainage area, 1,460 square miles)
was l05,OOC cubic feet per second. On the Salt River near Roosevelt,
17 miles upstream from Roosevelt Dam (drainage area, 4,310 square
miles), the peak discharge of the first flood was estimated at
100,000 cubic feet per second.

(~) Storm and flood of August 3. 1943.--The August 3, 1943,
flood we..s caused by heavy precipitation resulting from thunder
storms over the desert areas north and east of Phoenix. Storm
conditions started on August 1. Late on Au~~st 2, at Tempe, 2.11
inches -,rere recorded in 30 :rninutes. Heavy precipitation occurred
early on Augu.st 3. The total precipitation for August 3 was 2.12
inches at Phoenix, 2.99 inches at Phoenix Airport, 3.50 inches at
Tempe, a.."ld 2.63 inches at Granite Reef Dam. It is likely that more
rain than this fell in the desert areas to the north, but no
records are available.
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(d) Runoff was heavy upstream of the Arizona Canal. A series
of 22 breaks occurred in the south-bank levee of the canal in the
vicinity of Indian Bend Wash. A break in the south bank of the
Arizona Canal in the Cave Creek area released water that c~u3,~1

nine breaks in the Grand Canal. The total peak inflow into the
Arizona Canal was estimated at 30,000 cubic feet per second; in
Cave Creek upstream of the Arizona CanaJ., at 9,000 cubic feet per
second; and in Indian Bend Wash at the Arizona Canal, at 15,000
cubic feet per second.

(e) Storm and flood of August 26-29, 1951.--A tropical
hurricane entered the mainland of Mexico from the east in the
vicinity of Tampico on August 22. Moist air associated with this
storm (general summer type) crossed Mexico to the eastern coast of
the Gulf of CaJ.ifornia. This moist air began flowing into south
western Arizona during the 26th, mostly in the Vicinity of Organ
Pipe Cactus NationaJ. Monument. By the morning of the 27th, precip
itation had become quite general over southern and central Arizona.
Heavy precipitation spread northward and northeastward to the
northern border of Arizona by the 29th. Precipitation continued
moderate to heavy from the 27th through the 29th. The storm was
most· severe east and north of Phoenix. The totaJ. storm precipi
tation at Phoenix was 3.85 inches. Heaviest precipitation for
the period was 13.55 inches at Crown King and 12.11 inches at
Sunflower. About 65 percent of the total storm occurred during
the maximum 24-hour period. Tl:e isohyets of the total storm
precipitation are shown on plate 5.

(f) An estimate by the U.S. Soil Conservation Service based
on high-water marks at numerous breaks in the Beardsley Canal in
the 'I'rilby Hash area (about 25 miles northwest of Phoenix) indicated
a totaJ. nonsynchronized flow of about 34,000 cubic feet per second.
The volume was estimated at 10,600 acre-feet. The peak discharge
at Luke Air Force Base was estimated at 5,000 cubic feet per second
by the U.S. Geological Survey. No nood estimates are available
for the study area.

(~) Storm and flood of Aup;ust 19, 1954.--Very moist, warm,
tropical air that originated over the Gulf of Mexico entered
Arizona and New Mexico from the south during the storm period,
accompanied by widespread thunderstorm activity. The storm and
flood of August 19, 1954, were the mo st severe of record within
the Queen Creek drainage area, approximately 50 miles east
southeast of Phoenix. Precipitation in the area occurred between
0100 and' about 0900 hours on the morning of August 19 in the
Superstition Mountains and Pinal Hountains areas. The precipita
tion intensities were high during the first 3 hours of the storm.
Light precipitation prevailed generaJ.ly for another 3 hours. The
Boyce Thompson South Hestern Arboretum, about 4 wiles west of
Superior, reported the highest precipitation amount of 5.3 inches
(most of it falling wi thin 3 hours). Florence Junction, about
15 miles west of Superior, reported 1- and 6-hour amounts of
1.8 and 4.2 inches, respectively. An estimated 100 square miles
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of area had over 5 inches of precipitation, and approximately 1,000
square miles had over 1 inch of precipitation. The isohyets of
total-storm precipitation are shown on plate 6.

(h) Peak discharge at the gaging station on Queen Creek at
Whitlow R~~ch damsite near Superior, Ariz.) (drainage area,
143 square miles) was estimated at 42,900 cubic feet per second.
No estimate of runoff is available for the study area.

(~) Storm and flood of September 25-26, 1962.--The unusually
heavy precipitation during the storm was associated with a tropical
storm originating off the west coast cf lOvTer California. The main
stream of moist air, which was about 70 miles 1.:Lde, passed over
Sells, the Tucson Mountains-Cortaro, area, Oracle, and on into
New 1-1exico. Heaviest rain fell during the night of September 25
and most of September 26. A total of 4 inches of precipitation
occurred at Sells in a 10-hour period on September 25 and 26.
Estimates of depths of 7 inches were made for two locations about
17 and 22 miles west of Tucson.

(J) Preliminary pe&~ discharges were estimated by the U.S.
Geological Survey for the Santa Rosa Wash, near Vaiva Vo, .1.t 53,000
cubic feet per second, and for the Santa Rosa Wash, at State High
way No. 84 between Casa Grande and Stanfield,at 12,800 cubic feet
per second. No estimate of runoff is available for the study area.

12. Relative magnitude of local storms.--TI1e relative
severity of past general storms and local storms in the Gila River
basin was determined by analyzing precipitation area-depth duration
relationships. The analysis in the study area showed that, although
the total precipitation for general 1.:Lnter storms is greater, the
short-time precipitation intensities for the local thunderstorms ~re

more critical. The analyses indicated that the local thunderstorm
would be the critical flood-producing storms for the st:rdy a.rea.
Tne relative magnitude of precipitation for recorded local storms
is best shown by intensity-duration and depth-area curves
(see pl. 7).

SYNTHESIS OF STANDARD PROJECT FLOOD

13. General. --The standard-project-flood discharges were
developed according to criteria given in EM 1110-2-1411.

14. Determination of standard pro.iect storm. --The standard
project storm for.the areas above the selected concentration points
was determined by evaluation of the most severe regional storm of
record assumed to be critically centered over the pertinent area.
Precipitation occurring as snow was not considered to be a factor
during the standard project storm, because the most severe
regional storms occur during the summer.
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15· Standard project stonn.--The August 19, 1954, thunder
storm that centered generally in the Queen Creek drainage area was
determined to be the storm ,,;ith the most critical precipitation
factors that may reasonabl;r be expected to occur over the drainage
area. Hhile the storm lasted about 6 hours, local observations
during the storm indicated that most of the precipitation fell
during a 3-hour period. The assumption was, therefore, made that the
total precipitation amount would fall during a 3-hour period, and
the standard project storm was developed accordingly. The further
assumption was made that during the prior 3-hour period sufficient
precipitation (say 0.5 to 1.0 inch) to condition the ground for run-:
off would occur. The methods used to determine the precipitation
and the precipitation-intensity pattern are explained in the
following subparagraphs.

(~) Precipitation.--Precipitation amounts were obtained from
isohyets (see pl. 6) of the August 19, 1954, thunderstorm, trans
posed and centered over pertinent subareas. Depth-duration
relationships for selected subareas are given in the following
table as being representative of precipitation used for the develop
ment of the standard project flood.

Precipitation depths during the standard project storm for drainage
areas aoove the recommended detention basins, PhoeniX, Ariz., and
vicinity (including New River)

...... :,

Average depth of precipitation over the
various areas for indicated durationDetention

basin*

New River ..•..• :
Adobe •..•...•.• :
Cave Buttes .... :
Dreamy Draw..•. :

Drainage
area

Square
miles

170.0
82·5

193·0
1.3

Maximum
1
2-hour

Inches
1.6
1.8
1.6
1.8

Maximum
I-hour

Inches
3·1
3·4
3·1
3·4

Maximum
3-hour

Inches
4·7
5·1
4·7
5·2

)
* See pl. 2 for location.

(~) Precipitation-intensity pattern.--The time distribution
of precipi.tation used for- this study was based on the average
precipitation-intensity pattern for 13 severe thunderstorms that
occurred in Arizona. These storms had adequate intensity data and
varied in length from 3/4 to 3-1/2 hours. Time intervals of 15 min
utes, 30 minutes, and 1 hour (depending on the size of the area)
were selected as the shortest time intervals for Which precipita
tion intensities Vlould be required to define the peak. discharges.
A typical precipitation-intensity pattern is shown on plate 8.
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16. Precipitation-runoff relationships. --Available precipita
tion and runoff records are inadequate for an analysis of
precipitation-runoff relationships in the drainage area. The
precipitation-runoff relationships that were adopted for this study
....rere based on information from hydrologic investigations made for
other flood-control reports for comparable streams in southwestern
Un!ted States. Elements used to establish the precipitation-nffioff
relationships are explained in the follmv1ng subparagraphs.

(a) Unit hydrographs.--The method used to develop unit hydro
graphs-is explained in paragraphs 70 to 75, inclusive) of the district
engineer's report titled "Hydrology, San Gabriel River and the
Rio Hondo Above 'Vhittier Narrows Flood-Control Basin with Addenclum
on the Hydrologic Effect of Diverting Outflow from Whittier Narrows
Flood-Control Basin to los Angeles River Via the Rio Hondo)" dated
December 20, 1944, and revised July 10, 1946.* The synthetic unit
hydrographs used for the various subareas were developed from use of
the lag-relationships curve (pI. 9) and S-graphs (pl. 10) developed
from studies cf areas in southern California and the Gila River
basir-. The S-graph used for the valley areas was developed to apply
to regional drainage areas of less than 1,500 square miles in the
Gila River basin. The S-graph used for the mountain area.:; ,-ras
developed for the mountain areas of southern California.

(£) Precipitation-loss rates.--The selection of precipitation
loss rates for the drainage area was based on precipitation-loss
rate studies for areas in southwestern United states. As previously
stated, a prior 3-hour precipitation was assumed to have satisfied
the expected initial loss. For the mountain areas, a variable-loss
rate was assQ~ed for the critical 3-hour period, ranging from 0.65
to 0.20 inch per hour, with an average loss rate of 0.35 inch per
hour. The loss rate in the valley area (0.20 inch per hour) 'fas
assumed constant during the standard project storm. On the basis
of previous studies of probable population increase and resulting
urban development during the next 100 years, it was assumed that
the area belovT the Union Hills diversion channel "muld become
improved and that 25 percent of the improved valley area 'WOuld
become all-impervious. Therefore, in development of the standard
project flood for each concentration point, 25 percent of the
assumed improved area of each valley subarea was considered all
impervious anu the amounts of effective precipitation (total precip
itation minus precipitation loss) .rere computed accordingly.

C.~) Base flow and channel -percolation. --Base flow and
channel percolation were assumed negligible during the standard
project flood.

* Report was approved by the Office, Chief of Engineers in 20.
indorsement dated May 12, 1945, and 6th indorsement dated
October 1, 1946, to basic letter dated January 30, 1945, subject:
"Hydrology, Whittier Narrows Flood-Control Basin, Los Angeles
Ccunty Drainage Area, California."
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17. Determination of standard project flood.--The standard
project flood was determined at each of the selected concentration
points by the following procedure: (a) determination of unit- time
increments ~f precipitation for each subarea; (£) determination of
effective precipitation by subtraction of loss rate and applica
tion of the imperviousness factor Where applicable; (c) determina
tion of subarea surface-runoff hydrograph by application of subarea
synthetic unit-hydrograph values to the effective unit-period .
precipitation; and (~) determination of total flood hydrograph for
the concentration points by channel routing, reservoir routing, and
combining subarea hydrographs as required. :Becc.use c::' ·::'he ::;:0 ci;:w.ted
rate of sediment inflow during the life of the considered flood
control improvements, the existing Cave Creek flood-control dam
is assumed to be full of sediment and to have negligible control.
There "WOuld be negligible flow from the areas above Lake Pleasant
1)am and McMicken Dam during the standard project flood on the Agua
Fria River at the Gila River, as the standard project flood
resulted from a storm centered below these dams. The eXisting
canals have negligible effect durir.g the standard project flood.
The outlets at the recommended Adobe, New River, Cave Buttes, and
Dreamy Draw detention basins are assumed to be operative. The
recommended diversion channels are assumed to divert their total
capacities (including freeboard) to Skunk Creek. The total capac-
i t;r of Union Hills diversion channel west of Cave Creek and at
Skunk Creek is 18,300 and 19,600 cubic feet per second, respec-
tively. The total capacity of Arizona Canal diversion channel
west of Cave Creek and at Skunk Creek is 18,500 and 28,500 cubic
feet per second, respectively.

18. The routing of the floods to and through the recommended
diversion channels was accomplished by the successive average-lag
method that is described in EM 1110-2-1408. The routing of floods
through the reservoirs was performed by the Puls loS.D. method,
which is described ir. the report titled IIEngineering Construction,
Flood Control, II dated 1940, and published by the Engineering
School, Fort Belvoir, Va.

19. Standard project flood. --Standard-project-flood peak
discharges for selected concentration points are shown on
plate 11, and the hydrographs with pertinent data for each
detention basin are shown on plates 8, 12, 13, and 14. The design
peak discharges as determined by economic studies and other
considerations and;;iven in main report are shown on plate 11.

SYNTHESIS OF MAXIMUM PRJBABLE FLOGD

20. General. --The maximum probable flood is defined as the
flood that would result if the probable maximum precipitation for
the drainage areas were to occur at a time 'When ground conditions
were conducive to maximum runoff. Such a flood is required in
developing plans for the recommended detention dams.
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21. Determination Qf. prObable maximum storm. --Because the
method used by the U.S. Weather Bureau in determining the probable
maximum storm for small areas is subject to more study, a method
that was developed by the U.S. Arm.y Engineer District, Los Angeles,
and that was based on a method in an early report of the U.S.
Weather Bureau was used in making estimates of probable maximum
precipitation. Both methods are described in Design Memorandum
No.1, "Hydrology for Wilson Canyon and Mansfield Street Channels
and Debris Basins," dated May 1959.* The probable maximum precipi
tation and the precipitation-intensity pattern developed from the
Los Jl~geles District's method are described in the following
subparagraphs.

(~) Probable maximum precipitation.--The probable maximum
precipitation depth and duration for the drainage areas above the
recommended detention basins during the probable maximum storm is
given in the following table:

Precipitation depths during the maximum probable storm for drainage
areas above the recommended detention basins, Phoenix, Ariz., and
vicinity (including New River)

.,< -,
'';.,

Average depth of precipitation over the
various areas for indicated durationDetention

basin*
Drainage

area
Maxi:aun
~-hour

Maximum
I-hour

Maximum
3-hour

Maximum
6-hour

Square
miles Inches Inches Inches Inches---

3·8 8.6New River ...... : 170.0 2.0 10·5
Adobe ... ....... 82·5 2.6 4.8 10·3 12·5
Cave Buttes .... : 193·0 1.7 3·3 7·6 9·2
Dreamy Draw.... : 1·3 6.4 9·5 17·2 19·6

* See pI 2 for location~

(£) Precipitation-intensity pattern.--Time intervals of
15 minutes, 30 minutes, and 1 hour (depending on size of the area)
were selected as the shortest time interval required to adequately
define the flood peaks. Rainfall intensities were obtained from

* This design memorandum was approved by the Office, Chief of
Engineers Octoher 8, 1959, and will hereinafter be referred to
as the Wilson-Mansfield report.
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a curve of depth-duration relationships (curve II, pl. 10, Wilson
Mansfield report) and arranged in order of time with regard to maxi
mum values of the unit hydrograph, so that maximum peak discharges
were obtained. A typical precip.itatio'n-intensity pattern is sr.o-;·lL
on plate 15.

22. Precipitation-runoff relationships.--The precipitation
runoff· relationships as applied to the maximum probable floods
were determined in a manner similar to that described herein for
the standard project floods, except for precipitation-loss rates.
Ground conditions conducive to maximum runoff are reflected in
the minimum precipitation-loss rates indicated in unit-hydrograph
studies for similar areas. On the basis of these studies, a mini
mum loss rate of 0.15 inch per hour was considered applicable to
the drainage area and- was assumed to prevail at a constant rate
throughout the probable maximum storm.

23. Determination of maxim1.un -probable flood. --The computa
tion of maximum probable floods for the recommended detention
basIns was similar to that of the standard project floods.

24. Maximum-probable flood. --The maximum-probable-flood
hydrographs with pertinent data for each detention basin are
shmoffi on plates 15, 16, 17, and 18.

SEDIMENT STORAGE

25. General. --A...YJ. estimate of the volume of storage space
behind the recommended detention basins that will be occupied by
sediment at the end of a 100-year period is required for the
design of the detention dams.

26. Topographical, geological, and hydrometeorological char
acteristics of the drainage area upstream from the recommended
detention basins indicate a moderate sediment-production potential.
The streambed profiles upstream of the recommended detention basins
indicate a moderate sediment-production potential. The streambed
profiles upstream of the recommended detention basins are shom: on
plate 3. .

27. Sediment-storage estimate.--The method applied in this
study to determine the sediment storage for the recommended
detention basins on New River, Skunk Creek, and Cave Creek is based
on the rate of sediment produced by the average annual r'J11off. In
determining the sediment storage for Cave Buttes detention basin,
the assumption was wade that the existing Cave Creek Dal!l would con
trol the sediment from that drainage area (162 sq. miles). Data for
other streams in the general area, including the Agua Fria River
at Lake Pleasant, vTere used as the basis for the estimated average
annual runoff at the detention basins.' The inflow-sediment
relationship is based on observed sedimentation data for
conservation reservoirs in southwestern United States as give~ in
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table 2 and shown on plate 19. The estimated rate of sediment
production at Lake Pleasant and Cave Creek Dams is 0.56 and 0.74
acre-feet per s~uare mile per year, respectively. For small drain
age areas in southern California, the sediment rate was estL~ated

to be 1 acre-foot per s~uare mile per year. The sediment storage
for the recorrmended Dreamy Draw detention basin is based on the sedi
ment rate of approximately 1 acre-foot per s~uare mile per year. The
estimated average annual inflow and sediment-storage re~uirements for
a 100-year period for the reco~ended detention basins are given in
the follO'ving table:

Estimated sediment-storage requirements for the recommended detention
basins, Phoenix, Ariz., and vicinity (including New River)

Name*"

New River detention basin•••••• :
Adobe detention basin •••••••••• :
Cave Buttes detention basin •••• :
Dreamy Draw detention basin •••• :

Drainage
area

Square
miles

170.0
82.5

**31.4
1.3

Estimated
average annual

inflow·

Acre-feet per
square mile

48
60
83

Sediment
storage

Acre
feet
10,000

5,500
2,500

150

* See pI. 2 for 2.ccn.-:'::"n.
~* Excluding area above Cave Creek Dam.
*** Not estimated. Sediment storage estimated on sediment rate of

approximately 1 acre-foot per square mile per year.

ADEQUACY OF FLOCr-5 AND SEDIMENT STORAGE

28. St~~dard project flood.--The standard project flood as
developed is of a magnitude that would be exceeded only on rare occa
sions. Because of lack of streamflow records, the ade~uacy of the
standard project flood is best appraised from the magnitude of the
factors used in its synthesis. The use of the August 19, 1954, storn
transposed to produce the most critical precipitation over the drain
age area, as well as the use of a more intense precipitation pattern
and comparatively low loss rates, represent a reasonably severe
combination of factors.

29. The ade~uacy of the standard-project-flood peak discharges
is further indicated by comparison of those discharges with envelopiug
curves of peak discharges shown on plate 20.

30. Maximum probable flood. --The a.de~uacy of the maximum
probable flood for the recommended detention basins is best indicated
by the severity of the various hydrologic factors (storm magnitude,
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precipitation-intensity pattern, and loss rate) on which the flood
estimate is based. The occurrence of any of these factors in the
severity assumed would be infrequent, and obviously a flood result
ing from the combination of all of these conditions would be very
severe. An indication of the adequacy of the maximum-probable
flood peak discharges is shown by the rel~tively high plotting
position of the points representing the maximum-probable-flood peak
discharges on the enveloping curves of' peak discharges shown on
plate 20. A further indication of the adequacy of' the maximum
probable-flood peak discharges is the f'act that they are from 2 to
5 times the standard-project-nood peak discharges.

31. Sediment storage.--The lOO-year sediment storage as
developed is considered conservative f'or the recommended detention
basins.

PRIOR APPROVAL

32. The standard project and maximum probable floods and the
sediment-storage requirements presented in a draft of this appendix
were approved by the office of' the Chief' of' Engineers in 2d
indorsement dated October 2, 1963, to basic letter dated June 13,
1963, subject: "Interim Report on SurVey f'or Flood Control,
Phoenix, Ariz., and Vicinity (Including New River), Gila River
Basin, Ariz."
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Table 1

Precipitation stations in and near Phoenix, Ariz., and vicinity (including New River)

Geographic Com-
Computed

Period of record 90-year
Eleva- coordinates p1ete mean-Number* Station** tion Non- years annual

Latitude Longitude Recording recording of precipi-gage gage record tation

Degrees Degrees
and and

Feet minutes minutes Inches
13-0-3 ••. : Prescott Dry Farm...•.. : 5,008 3h-T( 112-24 · . 1912-29 14 12.9Y..........................
13-0-7••• : Prescott \\'. B. Air- 5,014 3~--39 112-26 · 1942-62 19t~2-62 20 12.76I-' ·I port.f-.J

0'\ 13-0-8B •• : Yaeger Canyon.......... : 6,000 3}l-L,1 112-10 19r(-62 2L, 17.0LI.....................
13-0-11. .: Willow Creek Ranger 5,550 34-36 112-31 1912-19 . ................. . .... ...................... I ............ Station.
13-0-12•. : Prescott ....•.......... : 5,410 34-33 112-27 · 1939-42 1866-1962 96 18.40·
13-0-14 •• : Groom Creek.........•.. : 6,100 34-29 112··27 ................. " .. 1942-62 16 24.59
13-0-18•• : Walnut Grove .....••.... : 3,764 34-18 112-33 ...................... 1889-1962 61 15.94
13-0-19 •• : Cordes ................................ : 3,773 34··18 112-10 ...................... 1925-62 36 12 .l!~

13-0-21 •. : CrO\<i'n King ..•......••.. : 6,000 34-12 112-20 ...................... 1914-62 35 24.98
13-0-26•• : Constellation.......... : 3,600 34-04 112-34 ...................... 1921-35 5 13.88
13-0-27 •• : Canon ................................... : 1,990 3!l--04 112-09 ..................... 1915-29 8 14.13
13-0-28 .• : Champie Camp.....•..... : 2,300 34-01 112-21 ..................... 1898-1914 11 15.30
13-0-29 •• : Poland Junction ......•. : 4,900 34-27 112-16 : 1942-62 ..................... 20 14.00
13-0-32 •• : Chino Valley.......•••. : t~, 750 34- LI-5 112-28 ................. I" 1941-62 21 12.58
13-0-40 •• : Castle Hot Springs ..... : 2,800 34-03 112-21 ...................... 1889-1962 18 15.36

8ee footnotes at end of table.
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Table 1--Continued

'--J

Precipitation. stations in and near Phoenix, Ari~?dvicinity (i~c1uding New River)-··Continued

Period of record

Number* : . Station**
Eleva
tion

Geographlc
coordinates

Latitude Longitude Recording
gage

Non
recording

gage

Com
plete
years

of
rer.:,.>rd

Computed
90-year

mean
annual

precipi
tation

13-P-1 : Wickenburg :
13-P-4.•. : Marinette ..•........... :
13-P-6..• : Litchfield Park :
13-P-7 : Phoenix Indian School .. :
13-P-8 : Phoenix Nursery

. : (Phoenix 2).
13-P-9... : Phoenix Post Of~ice.... :
13-P-I0.. : Phoenix W~ B: Airport .. :
13-P-13 .. : South Phoenix :
13-P-14 .. : Buckeye...•.........•.. :
13-P-18.. : Wittman......•......... :
13-P-31.. : Alhambra 2 NE•••••••••• :
13-P-33 .. : Lake Pleasant :
13-P-34.. : Beardsley........•..•.. :
13-P-35.. : Griggs 3 W.....•....... :
13-P-36.. : Cave Creek Dam••••••••• :

See footnotes at end of table.

Feet
2,070
1,145
1,030
1,115
1,189

1,083
1,109
1,195

888
1,540
1,135
1,600
1,265
1,160
1,630

Degrees
and

minutes
-- 33-58

33-36
33-30
33-30
33-31

33-27
33-26
33-23
33-23
33-46
33-31
33-51
33-40
33-30
33-43

Degrees
and

minutes
'-i12-41~

112-18
112-22
112-04
112-03

112-04
112-01
112-04
112-35
112-31
112-07
112-16
112-23
112-29
112-03

· .... ..... .... .
· .· , ..
: :· .· .· .· .
··: 1901-62
: 1953-62
· .... .· .· " .· .· , , .· ., .. , . , .. , .....
· .·... , .. , .. , , .
· ., . , , . , . , " .. " .
· ... .. " .... ".".· ., , , , , .

1877-1962
1890-1962
i917-62
1920-62
1905-15

1876-1962
1933··62
1915-62
1891-1962
1923-62
1946-62
1949-62
1950-62
1950-62
1950-62

56
·36
45
23
3

86
22
40
62
27
19
13
13
13
12

Inches
-10.77

8.05
8.18
7.34.., "

7.53
7.31
7.33
7· 53
9.45
7.53
9·10
8.42
6.73
9.65

~:



Table l--Continued

Precipitation stations in and near ?l"o~~~~~_~~z~~~~~~~~~~!~~~cludingNew Rive~--Continued

Computed
90-year

mean
annual

precipi··
tation

Com
plete
years

of
record

Period of record

NonHecording recordinggage
__'----'='-ga--"ge _--'--__

Geographic
coordinates

Latitude Longitude

Eleva
tionStation**Number*

. .
11.49
9.60

. .
• •••• t •••••••••••••

11.95
16.3~

16.59
21.29

32 7.84
12 8.44

21
33
40
18
7 : .

12
74

4
66

Inches
11 8.37
14 7.66
11 7.53

1950-62
1948-62
1951-62
1948-62
1867-90
1919-62
1915-62
1915-48
1955-62
1907-61
1889-1962
1924-28
1896-1962

1912-62
1918-33

: '.. :

· .· .

· .· .· .· .

· .· .

· .· .
· .· ..
· .· .
· ..... " .

· .· " ..

· .· " .

· .·.. " .

· .· .

· ................. .
· .· .

Degr~~

and
minutes

112-09
112-09
112-16
112-04
111-51
111-57
111-42
111-53
111-58
111-57
111-l~2

111-43
111-52

111-50
111-52

33-18
33-25

Degrees
and

minutes
33-35
33-20
33-28
33-34
34-35
34-21
34-21
33-58
33-33
33-50
33-31
33-27
33-25

1,212
1,203

Feet
1,245
1,110
1,000
1,316
3,160
~.,OOO

2,650
3,300
1,421
2,150
1,325
1,375
1,225

Goodyear..........•.•.. :
Chandler t •••••••••••••• :

Ashda1e R. S...•.•.••.• :
Paradise Valley..•..•.. :
Cave Creek...•....•..•. :

Tolleson 2 m~ :
Sunnyslope ...•....•.•.. :
Camp Verde ...•.....••.. :
Dugos 2 SE......•..•... :
Childs :

Granite Reef Dam...•... :
vlilbur Ranch ...•..•••.. :
Mesa Experiment

Farm.

Deer Valley ..•..•...•.• :
Laveen :

..
14-p-21. . :
14-p-26.. :

13-P-3'7.. :
~-' 13-P-46.. :
~ 13-p-lq . . :
OJ 13-P-48.. :

14-0-10.. :
14-0-14.. :
14-0-15.. :
14-p-1. .. :
14-p··8..• :
14-p-ll.. :
14-p-14.. :
14-p-16.. :
14-p-18.. :

See footnotes at end of table.
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Table 1--Continued

Pr~cipitation stations in and near Pho~nix. Ariz., and vicinity (includinR Nev River)--Oontinued

Period of record

Number* Station**
Eleva
tion

Geograph:ic
coordinates

Latitude Longitude Recording
gage

Non
recording

gage

Com
plete
years

of
record

Computed
90-year

mean
annual

precipi
tation

14-p-34.• :
14-p-35.• :

f-' 14-p-45.• :
~ 14··p-47.. :
\0 14.. p-49 .. :..

14-p-60.. :
14-p-61. . :
14-p-65.. :

Stewart Mountain ..••... :
Tempe No.2.•.•..•.••.• :
Bartlett Dam..•..•..... :
Falcon Field :
Tempe U. of A. Citrus

Exp. Sta.
Camelback.•......••..•. :
Horseshoe Dam..•....... :
Carefree ...••..•....••. :

Feet
1,422
1,159
1,650
1,320
1,180

1,250
2,020
2,530

Degrees
and

minutes
33-34
33-26
33-49
33-26
33-25

33-29
33-59
33-49

Degrees
and

minutes
111-32
111-56
111-38
111-45
111-58

Ill-58
111-43
111-54

· .· .
· .· .· .· .· .· .· ............... .
· .· .· .· .
· .· .

1939-62
1889-1962
1939-62
1942-62
1943-62

1920-62
1948-62
1961-62

Inches
22 11. 77
36 7.58
23 11. 71
15 8.23
16 7.74

31 7.80
13 14.26. .. .

* stations numbered in accordance with quadrangle-index system of the U.S. Army Engineer District,
Los Angeles, Corps of Engineers.

** See pI:. 1 for lo'co.tion.

NOTE.--Above data, except station number and 90-year (1868-1957) mean-annual precipitation, obtained from
publications of the U.S. Weather Bureau.



'l'uble 2

Pe~ti.~n~ data on o'bse:cved sedimentation, conservatton reservoirs in southwestern United States, Phoenix, Ariz.,
and vlc1nitY:1including New River)

Contrib- Total inflow for :Inflow per square
Reservoir uting

Period Years
period of record :mile of drainage

I\To. drainage of of area per year
record record

Name .. Location area Water Sediment Water : Sediment
:. . Sq. mile Acre-ft. Acre-ft. . Acre-ft.· Acre -ft•

1... : San Carlos .•. : Arizona .••••.... : 11,906 1928-4'7 18.2 4,640,600 57,494 . *21.4 . *0.266
2 .... : Lake : ... .. do ................. : 1,444 1928-41 12.9 (** ) 8,044 (** ) (** )

Pleasant ••• :
3.".: ..... do ................ : ..... do ..................... : 5,760 1909-46 36.8 29,186,000 140,600 137.7 .663
)~ ... : Conchas •••.•• : New Mexi co ..•••• : 6 J 950 1939-~9 10.1 2,706,000 35,600 38.2 .506
5..... : Elephant : .... .. do .................... : 25,866 1915-4'{ 32.3 34,807,000 465,000 41.7 .556

I-' : Butte.
I

6 ...... : Loke Mead •.•. : Nevada-Arizona .• : 16'7,600 1935-!~G 13.7 lCl,296 J ooO 1,425,000 79.0 .620t\)
<..} rr ...... : Lake Hodges •• : California •••••• : 301 1919-48 29·5 1,139,000 3,323 128.3 .375

8 ...... : San Dimas ........ : ....do ................. : 16 1922-44 22.1 50,200 488 141.0 1.370
9 ..... : Sweetwater ••• : ••• do •••••••••••• : 181 1886-1927 39.0 740,000 6,170 105.0 .870
10 .• : Gibralter •••• : ••• do •••••.•••••• : 220 1920-31 11.0 206,000 2,100 85.1 .870

.. . .. ..
~__.- __._...._M_____....______ .t.._

* The U.S. Bureau of Reclamation recommends that the following longtime average annual values be used for San
Carlos Reservoir: 346,700 acre-feet for water inflow and 5,000 acre-feet for sediment inflow •. By applying these
values, the average-annual rate of inflow per square mile of drainage area becomes 29.1 acre-feet for water and
0.42 acre-feet for sediment.

** No complete record is available of total water inflow into Lake Pleasant for period of observed sediment
inflow. On the basis of records for the Verde River (a nearby stream), estimates of total water inflow for
period of sediment observation and of longtime rate of water inflow and sediment inflow indicate that for Lake
Pleasant the average annual rate of inflow per square mile of drainage area would be 42.5 acre-feet for water and
0.56 acre-feet for sediment.

Note.--See curve on fig. 19·
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INTERIM REPORT ON SURVEY FOR FLOOD CONTROL
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U.S. ARMY ENGINEER DISTRICT CORPS OF ENGINEERS

."'. , .. '.", "v'

~.... '

.! ....

• t -,••~ ,,~ ~·

---.... ~.,.~ -- - ~

~~;.l~;:·~;;~·:~~ ';.:'"':'~..~~~.~~

. ,
".'

U.S,~ARMYENGINEER DISTRICT
LOS ANGELES, CORPS OF ENGINEERS

TO ACCOMPANY REPORT DATED: JAN.15,1964

THERE IS NOT ENOUGH TOPOGRAPHICAL DATA
FOR THE DREAMY DRAW DRAINAGE AREA TO
DETERMINE A STREAM BED PROFILE. THE
ESTIMATED GRADIENT OF THE STREAM UP
STREAM OF DREAMY DRAW DETENTION BASIN
IS APPROXIMATELY 280 FEET PER MILE.

DISTANCE IN MILES UPSTREAM

FROM ADOBE DETENTION BASIN

NOTE:

...J
r- W
W>
W W
LL..J

zl5
-Cf)

ZZ
Oct
-W
~;e
;;:lOw
W>...J Owen

ct

i

)

FILE
I

NO. 203/101 APPENDIX I PLATE 3



.. : ... -", . ......., " .•~.... ',';.:-' :.~ .
•• .... ~ ~._~~~. '_;0.

..............

CORPS OF ENGINEERS

PRECIPITATION IN INCHES AND POL""'.
OF OBStRVATION.

V1gt!ID MAP
-..u .'p' •• - WILU

'-I,;' 80UNOAA'f or GlLA RIVER D-.AlNACl "'~[A

1.f1

LEGEND
==--=-

_1_ 8Cl.I'IOARY OF GILA RIVER DRAIN.4'GE AREA.

~II- BOUNDARY OF INEFFECTrYe AREA.

-6- LINE OF EQUAl PREQATATION IN INCHES.

-11- BOUNDARY OF STUDY DRAINAGE AREA

~EXISTING DAM AND RESERVOIR.

N

GILA RIVER AND TRIBUTARIES ARlOMA MID NE:W MEXICO
tNTERIM REPORT CJlf 5URV~ FOR Fl.OOO COKfAOL

PHOENIX. ARIZOHA.A~O VICINITY !INCLUDING NEW RIVER)

A

\
\

I

.~. \
I

r--~.-
..J

c:

....

N

e NLA

o

r

I

LOWER
CALIFORNIA

--,-
I
\

..··T--~-F====i:=-;;r~~~~~~~~~~~k~++-I .,.

...T-------+_L_~C~U~:L~J'~+O~J'~-.!.C~A~Jj~.T~J'.~·:...-_lL---- -~'t---------J.---=---~L~~h_-------t---~----r---.-".

U.S. ARMY ENGINEER DISTRICT... .". .,. II!· or ".. 'oo·
H· I

< I
~

I

< N N 0 I --,
I

<
I

f~ IIir1 II<
I

0" 0 N A II I
I N A II A .I 0 I

~ I"
I

... , Kmgman I
I

) @!I<>l

)

ISOHYETS
TOTAL-STORM PRECIPITATION

STORM OF JANUARY 14-21, 1916

",- .... IQ' It.z· .... ..,0."tlw.

IN ONE SHEET

APPENDIX I

Clo.SEIIlIU
203/102:

PLATE 4



US. ARMY ENGINEER DISTRICT CORPS OF ENGINEERS

3'° 00

COCON t NO

COUNTY

...

"

,
PIN A L

COUNTY

SCALE I2.SDA3:E2c =IE;0==~2iEO===3EO==:340M (LES

-.-
-8-
• 6.~1

LEGEND

BOUNDARY OF DRAINAGE AREA.

LINE OF EQUAL PRECIPITATION IN INCHES.
RECORDED PRECIPITATION DEPTH IN INCHES.

GILA RIVER AND TRIBUTARIES,ARIZ, AND NEW MEX.
INTERIM REPORT ON SlJ'VEY FUR A...OOD CONTROL

PHOENIX ,ARIZ. 8 VICI NITY (INCL. NEW RIVER)

ISOHYETS

TOTAL-STORM PRECIPITATION
STORM OF AUGUST 26- 29,1951

u.s ARMY ENGINEER DISTRICT
LOS ANGELES, CORPS OF ENGINEERS

TO ACCOMPANY REPORT DATED: JAN./5 1964

FI LE NO. 203/103 APP ENDIX I PLATE 5



;.

.~ ..

PLATE 6

MILES

F. A 1965

''''11.. 10·

I /'.'"(// lyIf/ / ~, !~ I
! \ ,( I

I !)
I / (

LEGEND

[XtSTING REsERVOIR

TOTAL STORM ,.RECIPITATION IN INCHES

-_._.__.,
i
I
!
I
i

MARICOPA ! CO---------.L _
PINAL CO

... oct

.A STREAM-GAGING STATION

--2- LINE OF [QUAL PRECIPITATION IN INCHES

--~- BOUNDARY OF DRAINAGE AREA

N

\,
\,

.'-----_._._.._---
C

J
<"1

u wi

)

)



U. S. ARMY ENGINEER DISTRICT CORPS OF ENGINEERS
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CURVE NO.

LOCATION * DATE APPROXIMATE
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HRS. MIN.
I PARKER CREEK SEPT. 10, 1933 I 45
2 WALNUT GULCH OCT. 4-5, 1954 0 30
3 SANTA RITA JUNE 29, 1959 2 20
4 UNIV. OF ARlZONA AUG. 13, 1940 I 35
5 TUCSON AIRPORT SEPT. 24,1943 I 0
6 PHOENIX JULY 26, 1936 0 40
7 QUEEN CREEK AUG. 19,1954 6 0
8 THATCHER SEPT. 16, 1939 I 30
9 GLOBE JULY 29,1954 I 0
10 TUCSON SEPT. 24, 1943 3 0
II PARKER CREEK AUG. 5,1939 2 20

* SEE VICINITY MAP
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GILA RIVER AND TRIBUTARIES, ARIZ. AND N£W MEX
INTERIM REPORT ON SURVEY FOR FlOOD CONTRlL

PHOENIX,ARIZ.&VICINITY (INCL. NEW RIVER)

HYDROGRAPH
20 0 STANDARD PROJECT FLOOD

4 8 12 16 NEW RIVER AT
TIME IN HOURS NEW RIVER DETENTION BASIN

I"'~~---''----------IST DAY------------~.....~-------- 2 D DAY -------------t---..:..:::..:::..:.:........:...:..:....:..=:.::........::..=...:...=.:..:....:...:.::..:.::....::~~~
U.S. ARMY ENGINEER DISTRICT

I.HYDRO.GRAPH I LOS ANGELES, CORPS OF ENGINEERS
. TO ACCOMPANY REPORT DATED: JAN.15,1964



u.s. ARMY ENGINEER DISTRICT CORPS OF ENGINEERS

\
./

)

CONTRIBUTING ESTIMATED
AREA L Leo S LAG Ii' GUIDE FOR ESTIMATING BASIN FACTOR (;i)--
SQ. MI. MILES MILES FUM!. HOURS "=0.200: DRAINAGE AREA HAS COMPARATIVELY UNIFORM SLOPES

I. SAN GABRIEL RIVER AT SAN GABRIEL DAM 162.0 23.2 11.6 350 3.3 0.050 AND SURFACE CHARACTERISTICS SUCH THAT CHANNELIZATION DOES
2- WEST FORK SAN GABRIEL RIVER AT COGSWELL DAM 40.4 9.3 4.2 450 1.6 .050 NOT OCCUR.. GROUND COVER CONSISTS OF CULTIVATED CROPS OR

SUBSTANTIAL GROWTHS OF . GRASS AND FAIRLY DENSE SMALL SHRUBS.
3. SANTA ANITA CREEK AT SANTA ANITA DAM 10.8 5.8 2.5 690 1.1 .050 CACTI, OR SIMILAR VEGETATION. NO DRAINAGE IMPROVEMENTS EXIST
4. SAN DIMAS CREEK AT SAN DIMAS DAM 16.2 8.6 4.8 440 1.5 •050

IN THE AREA•
11=0.050: DRAINAGE AREA IS QUITE RUGGED, WITH SHARP RIDGES5. EATON WASH AT EATON WASH DAM 9.5 7.3 4.4 600 1.3 .050 AND NARROW, STEEp· CANYONS THROUGH WHICH WATERCOURSES

6- SAN ANTONIO CREEK NEAR CLAREMONT 16.9 5.9 3.0 Ipl7 1.2 .055 MEANDER AROUND SHARP BENDS, OVER LARGE BOULDERS, AND
CONSIDERABLE DEBRIS OBSTRUCTION. THE GROUND COVER,7- SANTA CLARA RIVER NEAR SAUGUS 355.0 36.0 15.8 140 5.6 .050 EXCLUDING SMALL AREAS OF ROCK OUTCROPS, INCLUDES MANY

8. TEMECULA CREEK AT PAUBA CANYON 168.0 26.0 11.3 150 3.7 .050 TREES AND CONSIDERABLE UNDERBRUSH. NO DRAINAGE IMPROVEMENTS
EXIST IN THE AREA.

9- SANTA MARGARITA RIVER NEAR FALLBROOK 645.0 46.0 22.0 105 7.3 .055 fi=0.030: DRAINAGE AREA IS GENERALLY ROLLING, WITH ROUNDED
10. SANTA MARGARITA RIVER AT YSIDORA 740.0 61.2 34.3 85 9.5 .055 RIDGES AND MODERATE SIDE SLOPES. WATERCOURSES MEANDER IN
II. LIVE OAK CREEK AT LIVE OAK DAM 2.3 2.9 1.5 700 .8 .070 FAIRLY STRAIGHT, UNIM.PROVED CHANNELS WITH SOME BOUL DERS AND

LODGED DEBRIS. GROUND COVER INCLUDES SCATTERED BRUSH AND
12. TUJUNGA CREEK AT BIG TUJUNGA DAM 81.4 15.1 7.3 290 2.5 .050 GRASSES. NO DRAINAGE IMPROVEMENTS EXIST IN THE AREA.

I~ EAST FULLERTON CREEK AT FULLERTON DAM 3.1 3.2 "1.7 140 .6 .035 ii=0.015: DRAINAGE AREA HAS FAIRLY UNIFORM, GENTLE SLOPES
WITH MOST WATERCOURSES EITHER IMPROVED OR ALONG PAVED

14. LOS ANGELES RIVER AT SEPULVEDA DAM 152.0 19.0 9.0 145 3.5 .050 STREETS. GROUN!;) COVER CONSISTS OF . SOME GRASSES WITH
IS, PACOIMA WASH AT PACOIMA DAM 27.8 15.0 8.0 315 2.4 .050 APPRECIABl.E AREAS DEVELOPED TO THE EXTENT THAT A LARGE

PERCENTAGE OF THE AREA IS IMPERVIOUS.
16. ALHAMBRA WASH ABOVE SHORT STREET 14.0 9.5 4.6 85 .6 .015

.'

17. BROADWAY DRAIN ABOVE RAYMOND DIKE 2.5 3.4 1.7 100 .28 .015

18. BALLONA CREEK AT SAWTELLE BLVD. 88.6 11.8 5.6 64 1.2 .020 .
TERMINOLOGY

19. SAN JOSE CREEK AT WORKMAN MILL ROAD BRIDGE 81.3 23.7 9.1 75 2.4 .030
L = LENGTH OF LONGEST WATERCOURSE.

.,
Lea = LENGTH ALONG LONGEST WATERCOURSE,

10 MEASURED UPSTREAM TO POINT
~ OPPOSITE CENTER OF AREA.

~ : If
,

~ S =.OVER-ALL SLOPE OF LONGEST
I~ ~. 9· WATERCOURSE BETWEEN HEADWATER AND

Q ~ COLLECTION POINT.
5 , I I j. L,..oloo'" LAG = ELAPSED TIME FROM BEGINNING OF UNIT
4

L,...o PRECIPITATION TO INSTANT THAT
LAG CURVE FOR DRAINAGE AREA 14. .-. • SUMMATION HYDROGRAPH REACHES 50%

3 WITH BASIN FACTOR(;;)= a050 .--All 8 OF ULTIMATE DISCHARGE.
/~I~ ~~t L ... r--.. ..... ii = VISUALLY ESTIMATED MEAN OF THE n

LAG =1.2 ~ /0-) ...... .., I~ I : /9 (MANNING'S FORMULA) VALUES OF ALL
(/) 2

" I THE CHANNELS WITHIN AN AREA.0: ..... i "..
~

:::>
0 I i k "'4

, I .

I 6

I '81. ! •::I: ; ! . i • ... .. NOTE:. J • I.-'1.0
, i

TO OBTAIN THE LAG (IN HOURS) FOR~Z
.... 10"'" ANY AREA, MULTIPLY THE LAG OBTAINED- j ,

. I 1/ l...ooo' FROM THE CURVE BY:
~ .-", IJ

iiet ,
.-""""'" 16 0.050 OR 20li0.5 i

...J .........
~

I
014 ..-
0.3

~

.-~ I -1/7 GILA RIVER 8 TRIBUTARIES, ARIZ. 8 NEW MEX.
~' I i INTERIM REPORT~ SURVEY FOR FLOOOCONTRa..

0.2

I
PHOENIX, ARIZ. 8 VICINITY (INCL. NEW RIVER)

LAG RELATIONSHIPS

0.1 STREAMS IN ARIZONA
.01 .02 .03 .04.<:5 0.1 .2 .3 A .5 1.0 2 3 4 5 10 20 30 40 50 100 200 300400 AND SOUTHERN CALI FORN IA

L· Lea US. ARMY ENGINEER DISTRICT
I LOS ANGELES, CORPS OF ENGINEERS

ST TO ACCOMPANY REPORT DATED: JAN.15,1964
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J j FOR VALLEY AREAS:
Z ,: I AVERAGE OF SUMMATION-GRAPHS FOR:-

I .. BLUE RIVER NEAR CLIFTON, ARIZ.

W TEMECULA CREEK AT PAUBA CANYON, CALIF.
C) 30 MURRIETA CREEK AT TEMECULA, CALIF.
a:: J SANTA MARGARITA RIVER NEAR FALLBROOK, CALIF.

« : j
I I: I --- FOR MOUNTAIN AREAS:
U AVERAGE OF SUMMATION-GRAPHS FOR:

- U) II
0 II WEST FORK OF SAN GABRIEL RIVER AT COGSWELL DAM

2" SANTA ANITA CREEK AT SANTA ANITA DAM
I SAN DIMAS CREEK AT SAN DIMAS DAM

II J EATON WASH AT EATON WASH DAM

!/
J

1('1 II J GILA RIVER AND TRIBUTARIES, ARIZ. AND NEW MEX.

!J
INTERIM REPORT ON SURVEY FOR FLOOD CONTROL

PHOENIX ,ARIZ. 8 VICI NIT)' (INCL. NEW RIVER)

I J
'I ."

V ~ 5-GRAPHS
O~~",

0 100 200 300 400 500

TIME IN PERCENT OF LAG
U.S. ARMY ENGINEER DISTRICT

LOS ANGELES, CORPS OF ENGINEERS
TO ACCOMPANY REPORT DATED; JAN.15,1964
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u.s. ARMY ENGINEER DISTRICT CORPS OF ENGINEERS

LEGEND

EXISTING DAM

RECOMMENDED CHANNEL

TOTAL CAPACITY OF DIVERSION CHANNELS,INCLUDING
FREEBOARD,DIVERTED TO SKUNK CREEK

RECOMMENDED DETENTION BASIN

CONCENTRATION POINT NUMBER

STANDARD-PROJECT-FLOOD PEAK DISCHARGE IN C.F.S.

DESIGN PEAK DISCHARGE IN C.F.S.
MAXI MUM- PROBABLE-FLOOD PEAK DISCHARGE IN C.F. S.
SEDIMENT STORAGE IN AC.- FT.

GILA RIVER a TRIBUTARIES,ARIZ. a NEW MEX.
INTERIM REPORT ON SURVEY FOR FLOOD CONTROL
PHOENIX,ARIZ.8VICINITY (INCL NEW RIVER)

STANDARD-PROJECT-FLOOD
PEAK DISCHARGES

AND DESIGN VALUES

U.S.ARMY ENGINEER DISTRICT
LOS ANGELES CORPS OF ENGINEERS

TO ACCOMPANY REPORT DATED :JAN.l5 1964

NOT TO SCALE

N

j

IS

*

79,000
79,000

160,000
2,500

TTTTl'TTT

* * EXCLUDES ALL FLOW UPSTREAM FROM UNION HILLS

DIVERSION CHANNEL.

(a)

r(b)
(c)
(d).

13
15,000
7,000

200
(0 ,(b) 2,180
(e) 9,700
(d) 150

2,500
1,500

DREAMY DRAW
DETENTION BASIN

19

14
13,000
6,000

RD

(O},(b}I~~,OOO' ~~VE CREEK DAM
15 a

--,-.,,-,-,,;;...,,:,,,----f

CAVE BUTTES: (o},(b) 79,000
DETENTION BASI.V· (c) 160,000

I (d) 2,500
II

17

(0)
(b)

(0)3SpoO*
(b) I 0,200

ADOBE DETENTION BASIN

)

AND DIVERSION CHANNEL

10
(o),(b) 50,000
(c) 105,000
(d) 5,500

80

(

4

f(

NEW RIVER
DETENTION BASIN

6

(0) 160,000
(b) 74,000

"t:':
~o..

RIVc~

5
(0) 111,000
(b) 53,400

/

(0)

(b)

(0) 1/6,000
(b) 54,000

\

(o),(b) 60,000
(c) 128,000
(d) 10,000

)

I

FI LE NO. 203/106 APPENDIX I PLATE I I



u. S. ARMY ENGINEER DISTRICT CORPS OF ENGINEERS
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PRECIPITATION LOSS

EFFECTIVE PRECI PITATION
(SURFACE RUNOFF,)

. HYETOGRAPH

TOTAL DRAINAGE AREA
AVERAGE PRECIPITATION DEPTH OVER AREA:

TOTAL STORM _ 5.1
EFFECTIVE TOTAL STORM _ 4.1

TOTAL FLOOD VOLUME _ 18,000

SQ. MI.

INCHES
INCHES
AC FT.

PEAK INFLOW 50,000 C.F:S.
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FILE NO.203l107 APPENDIX I

3o21

GILA RIVER AND TRIBUTARIES. ARIZ AND NEW ME)(
INTERIM REPORT ON SURVEY~ FlDOOCONTROL

PHOENIX. ARIZ. 8 VI CI NITY (I NCL. NEW RIVER)

HYDROGRAPH
STAN DARD PROJECT FLOOD

SKUNK CREEK
AT ADOBE DETENTION BASIN

----------------~~~I....'C~--- 20 DAY ----I.......-U-.S-.-A-R-M-Y-E-N-G-IN-E-E-R-O...,..I-S-TR-I-C-T----1

LOS ANGELES, CORPS OF ENGINEERS
TO ACCOMPANY REPORT DATED:JAN.l5.1964
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u.s. ARMY ENGINEER DISTRICT
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• • ~ .......... H- .-.. _. __ ..
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193 SQ.MI.

4.7 INCHES
3.8 INCHES

39,000 AC.-FT.

CORPS OF ENGINEERS

TOTAL DRAINAGE AREA
AVERAGE PRECIPITATION DEPTH OVER AREA:

TOTAL STORM __
EFFECTIVE TOTAL STORM

TOTAL FLOOD VOLUME
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PRECI PITATION LOSS
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GILA RIVER AND TRIBUTARIES,ARIl.AND NEW ME
IIn'ERIN REPORT ON SURVEY FOR FLOOD CONTROL
PHOENIX, ARIZ; a VICINITY (IN'CL. NEW RIVER)

HYDROGRAPH
STANDARD PROJECT FLOOD

15 18 21 0 3 6 CAVE CREEK
TIME IN HOURS AT CAVE BUTTES DETENTION BASIN
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lOS ANGELES, CORPS OF ENGINEERS
TO ACCOMPANY REPORT DATED:JAN.15,196~
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U. S. ARMY ENGINEER 01 STRICT

-a- 0
W
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~za:<t PRECIPITATION LOSS-:::>0:: I
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EFFECTIVE PRECI PITATION-0::0
~Ww 2

~
(SURFACE RUNOFF)

t-a.~
ii:oo<t'-wo::
O:I: w i!woo 3O::Z<t HYETOGRAPH
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CORPS OF ENGINEERS

TOTAL DRAINAGE AREA 1.3 SQ. M I.
AVERAGE PRECIPITATION DEPTH OVER AREA:

TOTAL STORM - - - 5.2 INCHES
EFFECTIVE TOTAL STORM 4.2 INCHES

TOTAL FLOOD VOLUME 300 AC.-FT. .:yy~' ......"..- ~ ~ -, J :-- >~;' .. , " .

.. .~.. "... "':':

-ii' :}""

-•."-. j\,.....

o
o 234

TIME IN HOURS

IHYDROGRAPHI

5 6

GILA RIVER AND TRIBUTARIES.ARlZ.AND NEW MEX
INTERIM REPORTONSURVEY FOR FLOOOCONTROL

PHOENIX. ARIZ. a VICINITY (INCL.NEW RIVER)

HYOROGRAPH
STAN DARD PROJECT FLOOD

DREAMy DRAW DETENTION BASIN

U.S.ARMY ENGINEER. DISTRICT
LOS ANGELES, CORPS OF ENG I NEERS

TO ACCOMPANY REPORT DATED:JAN.15.1964
..,
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;::::;..,
:.:~;~.::,::;; ;(~.~ ~ ::;.;:: ::.

J!i;tF:::;t:y:\~:;,.<,:;;,



u. S. ARMY ENGINEER DISTRICT CORPS OF ENGINEERS
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PRECIPITATION LOSS

EFFECTIVE PRECIPITATION
(SURFACE RUNOFF)
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HYETOGRAPH

PEAK INFLOW /28,000 C. F: S.

TOTAL DRAINAGE AREA _
AVERAGE PRECIPITATION OVER AREA:

TOTAL STORM
EFFECTIVE TOTAL STORM

TOTAL FLOOD VOLUME

- - ...;..-
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170 SQ. MI.

10.5 INCHES
9.6 INCHES

87,000 AC:-FT.
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GILA RIVER AND TRIBUTARIES, ARIZ. AND NEW MEX
INTERIM REPORT ON SURVEY FM FLOOD CONTROL

PHOEN IX ,ARIZ. a VICINITY (INCL. NEW RIVER)

HYDROGRAPH
MAXI MUM PROBABLE FLOOD

NEW RIVER AT
NEW RIVER DETENTION BASIN

U.S. ARMY ENGINEER DISTRICT
LOS ANGELES, CORPS OF ENGINEERS

TO ACCOMPANY REPORT DATED: JAN.l5, 1964
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U. S. ARMY ENGINEER DISTRICT CORPS OF ENGINEERS
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PRECIPITATION LOSS

EFFECTIVE PRECI PITATION
(SURFACE RUNOFF)

HYETOGRAPH

PEAK fNFLOW /05, 000 C. F. S.

TOTAL DRAINAGE AREA - - - -"- 82.5 SQ. M!.
AVERAGE PR ECI PITATION DEPTH OVER AREA:

TOTAL STORM - 12.5 INCHES -~.. ~_.:.- -
INCHES

.....
EFFECTIVE TOTAL STORM II .6 ''Of<''~ I_V~':""''''''''''''(:-' "~.'

.,~". " ...
TOTAL FLOOD VOLU ME - - 51,000 AC:-FT.
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GILA RIVER AND TRIBUTARIES, ARIZ. AND NEW MEX.

INlERIM REPORr 00 SURVEY FOR FLOOD CONTROL
PHOENIX,ARIZ.& VICINITY (INCL. NEW RIVER)

HYDROGRAPH
o MAXIMUM PROBABLE FLOOD

o 3 6 9 12 15 18 21 0 3 6 SKUNK CREEK

I
TIME IN HOURS I AT ADOBE DETENTION BASIN

1--.....----'------------- I ST DAY -------------------.~ ..~--------2 ND DAY--- t----------------t
: U. S. ARMY ENGINEER DISTRICTIHYDROGRAPH , LOS ANGELES, CORPS OF ENGINEERS

TO ACCOMPANY REPORT DATED:JAN.15 1964
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u. S. ARMY ENGINEER DISTRICT CORPS OF ENGINEERS
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PRECIPITATION LOSS

EFFECTIVE PRECIPITATION
(SURFACE RUNOFF)

TOTAL DRAINAGE AREA
AVERAGE PRECIPITATION DEPTH OVER

TOTAL STORM
EFFECTIVE TOTAL STORM

TOTAL FLOOD VOLU ME

193 SQ. M I.
AREA:

_ 9.2 INCHES
8.3 INCHES

85. 700 AC.- FT.
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HYETOGRAPH
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INTERIM REPORTON SURVEY FOR FLOOD CONTROL
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t~- HYDROGRAPH
MAXIMUM PROBABLE FLOOD

16 CAVE CREE K
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U. S. ARMY ENGINEER DISTRICT
LOS ANGELES. CORPS OF ENGINEERS

TO ACCOMPANY REPORT DATED:JAN.15.1964
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U. S. ARMY ENGINEER DISTRICT CORPS OF ENGINEERS

PRECIPITATION LOSS

EFFECTIVE PRECIPITATION'
(SURFACE RUNOFF)

'.~

HYETOGRAPH

-'-+- .

o

0::
=>o

5 ::I:-
<[

o::LLJ
LLJO::
0..<[

(/)0::
LLJLLJ
::I: >
uO

10 Z LLJ

z~
0::

zLLJ
OC)
~<[
<[0::
~LLJ

15 a.. ~u_
LLJ
0::a..

TOTAL DRAINAGE AREA
AVERAGE PRECIPITATION DEPTH OVER AREA:

TOTAL STORM
EFFECTIVE TOTAL STORM

TOTAL FLOOD VOLUME

1.3 SQ.MI.

19.6 INCHES
18.8 INCHES

1,330' AC -FT.

.- ~;. ;,....

..;.'~'<c.'" - .....-

.~.

10
PEAK INFLOW 9,700 C.F. S.

,+'+-r-~

20

~.

;-+-;
:-..i.-.t .

..;".' I

8
::t

.... ,

H· .-

, .
! . i :

.. --t- ffi -j

_:-+~ t-+~ 4-

~ :

: ~-r~

'.....:....r

......
-t . , .

~ t-.::..:.

~:t 
'+7-+
~+

~i-

'.j_ I'

4

6

2

.
en
u.:
u
0
Z
<[
en
=>
0
:I:
~

Z-
LLJ
C>
a:
<[
:I:
U
en

.)
0

-
f

:- ,. ,. -;- 1-1-

GILA RIVER AND TRIBUTARIES,ARIZ. AND NEW MEX
INTERIM REPORT ON SURVEY FOR FLOOD CONTROL

PHOENIX. ARIZ a ViciNITY (INCL. NEW RIVER)

o
o 2 3 4 5 6

TIME IN HOURS

I HYDROGRAPH I

7 8 9 10

HYDRO GRAPH
MAXIMUM PROBABLE FLOOD

DREAMY DRAW DETENTION BASIN
U.S. ARMY ENGINEER DISTRICT

LOS ANGELES, CORPS OF ENGINEERS
TO ACCOMPANY REPORT DATED:JAN.15,1964

FILE NO.203/113 APPENDIX I PLATE 18



;.

F'4.E NO. 203/114.1 APPENOIX I PL ATE 19

lJ. S. ARMY ENGINEER UI~ I relel CORPS OF "'M~

3.0

a:«
w
>-
a: 2.0
W
Q..

W
-J 1.5
~ 80
wa:

~«
:> .-
0 1.0

./'"(f) 0.9
10

a: ~~ :'09
w 0.8

VQ..

~
0.7 ,

3-w ./
",

~ 6
W 0.6u.. 5 ...V,

7'W ..a: 0.5

""U ~

«
~ V,

Z 0.4 V 0 7
./

~

/z
w
~ 0.3

0
W
(/)

0.2
20 30 40 50 60 70 100 150 200

INFLOW iN ACRE-FEET PER SQUARE MILE PER YEAR

LEGEND

-4RIZONA RESERVOIRS

• NEW MEXICO RESERVOIRS

• NEVADA-ARIZ. RESERVOIR (LAKE MEAD)

o CALIFORNIA RESERVOIRS

GILA RtVER AND TRIBUTARIES, ARIZ. AND NEW M£X.
INTERIM REPORT ON SURVEY FOR R.OOD CONTROL

NOTE:
PHOENIX ,ARIZ. a ViCINITY (INCL. NEW RIVER)

POINTS ARE NUMBERED TO
INFLOW-SEDIMENT RELATIONSHIP

CORRESPOND WITH RUERVOIRS FOR'
SHOWN IN TABLE 2 CONSERVATION RESERVOIRS

IN SOUTHWESTERN UNITED STATES
THIS DRAWING SUPERSDES -OFFICE OF THE DISTRICT ENGINEER
DWG. filE NO. 203/114 LOS ANGELES, CALifORNIA

ITO ANY REPORT DATED:JAN.15. 1964,

(



U.s. ARMY ENGINEER DISTRICT CORPS OF ENGINEERS
.~.

..,'

... -:~~- - - .

LEGEND

FLOODS FROM GENERAL RAIN
OR SNOW MELT RUNOFF

FLOODS FROM LOCAL SUMMER
STORMS.
FLOOD TYPE UNDETERMINED •

ALDER CREEK AT MOUTH-LOCAL
STORM.

BEAR CREEK AT MOUTH-LOCAL
STORM.

SALT RIVER AT GRANITE REEF
DAM - GENERAL STORM •

STANDARD PROJECT FLOO~

MAXIMUM PROBABLE FL 000.

•

o

III

+

•
A

GILA RIVER AND TRIBUTARIES.ARIZ. AND NEW MEX.
INTERIM REPORT ON SURVEY FOR FLOOD CONTROL
PHOENIX,ARIZ.a VICINITY (INCL. NEW RIVER)

ENVELOPING CURVES OF
10,000 ; 20,000 PEAK DISCHARGES

STREAMS IN ARIZONA
AND NEW MEXICO

5,0001,00050020 30 40 60 80 \003 4 ~ 6 789102

...
~

"""...... D=- DREAMY DRAW DETENTION BASIN I---V - r-=~
~-- ~ l-=-o CREAGER ENVELOPING CURVE OF MAXIMUM FLOODS IN THE

/
~ f'='= ["':

~ I U. S:, AS OF 1941~
~~~~~ ~ II ! II II I 81 II I I I I I I ~ I ~, ~ " ~

I i II I I II I II I ~

~ ~
~ r;=== ENVELOPING CURVE OF RECOROED AND ESTIMATED

~ ~

~~
If PEAK DISCHARGES IN ARIZONA AND NEW MEXICO

~
~ LJ ~ .~

~.

A " CAVE BUTTES DETENTION BASIN Ir
-ADOBE DETENTION BASIN F R " ..- """""'"

V r I

".. ~ - NEW RIVER DETENTION BASIN
[')G/ ~

• • ~~

" ""~.. ,...
• ~ ~ ~~ • 0 0 .~

@l

~ "• ~ ,.• ~
1> • ~

•

'" "• 0+ • 0
,

.~0

0
,
~• "@ • r • -"",-

-1l ... ~ '-,. "c 0 "- "-
0

~

~ "-
'"

0 ~~
""li;

.. + ,
-

• ~
~

~
~ 1>

0 Ii>

~~~
( 0

• "'-• b

~ +
0

0

In 1"'\

""
11".

C
0

rr 11'
, 0

3
I

10
9
8
7
6

5

4

60

20

40

100

80

500

\,000

5.000

10,000

en
lJ.:

U

Z

w
C>
D::
<l
::I:
U
en
o

w
a:
<l
::>o
en

D::
w
a.

W
....J

:E

)

)

U.S. ARMY ENGINEER DISTRiCT
LOS ANGELES, CORPS OF ENGINEERS

TO ACCOMPANY REPORT DATED: JAN.15,1964

FIL NO. 203/115 APPENDIX· I PLATE 20



APPENDIX 2 - BASES FOR DESIGN

PHOENIX, ARIZ., .AND VICINITY (INCLUDING NEW RIVER)
GILA RIVER BASIN, ARIZ. AND N. MEX.

CONTENTS

mbanltment ..
Outlet - ..

Scope 0

Foundation conditions •••••.•.•••.•••••••••
Design applications •.•.••.•.••••••••.••••.

.';.:.' ..~

~ .... :,;.;,.- ..
:'.~'..

r . .:- ...~

Page
2-1
2-1
2-1
2-2
2-3
2-4
2-4
2-4
2-5
2-5
2-6
2-6
2-6
2-6
2-6
2-7
2-8
2-8

2-10
2-10
2-10
2-10
2-11
2-11
2-11
2-11
2-12
2-12
2-12
2-12
2-13

2-13
2-13
2-14
2-15
2-15

Creek channel ..

Spillway ..

Geology and 60ils .••••.•.•.••••.•.

Collecting dike ..••.•••••.••...•.••..
Buttes detention basin•....•.••.••.•.•••.••
Recommended plan..•.•.•••.•.•..• ~ .
lijrdraulic design .
Pertinent data.••••••••••..•..••••

Cave

Cave

challnel ..
Recomm.ended plan ..
Hydraulic design. .
1)c)wnstream. terminus ..
Geology and soils ..

Recommended plan .
lijrdraulic design ..
Geolog:y" a.I1d soils .

Union Hills diversion channel•••••••••••••••••••••••
Reconnnended plan ..
lijrdraulic design ..
Geology- and soils .

Dreamy Draw detention basin••••••••••••••••••••.••••
Recommended plan .
lijrdraulic design .
Pertinent data .
Geology- and soils .

Arizona Canal diversion channel and Dreamy Draw

Improvements considered.•••••..••..•••...••••.••••••••••.
RecoDIIIlended plan .
Hydraulic design ~ .
Pertinent data .
Geology- and soils .

Explorations ..

)

2-i



CONTENTS--Continued

Improvements considered--Continued
Skun..'<. Creek channel•••••••••••.•••••.••••.••..•..

Recommended plan••••••.•..•••••••••.........
lIy'draulic design ..
Geology and soils •.•••..••••••••.••.•••.•••.

New River detention basin•••••••.•••.•••••.••..••
Recommended plan••.•••••••••..•..•••.••.•...
Hydraulic design•.••••••••••..•.•.••.••••..•
Pertinent data ; ..
Geology and soils ••••••.•••.••.•••••....•..•

Foundations conditions .•.••....•...•..•
Design applications ...•.••••••.•....•.•

New and Agua Fria Rivers channelization•....•.•••
Recommended plan••.•.••••••••.••••••••..••..
Hydraulic design..••••••.••••••••••.....•..•
Geology and soils .•••••••••..••••••.••....•.
Diversion and control of water••.•••.••.....
Rights-of-vray ..

PLATES

Page-
2-15
2-15
2-15
2-16
2-16
2-16
2-16
2-17
2-18
2-18
2-18
2-18
2-18
2-19
2-20
2-20
2-20

'\
)

No. Title

1. Adobe detention basin and diversion channel (sheet 1 of 2).
2. Adobe detention basin and diversion channel (sheet 2 of 2).
3. Cave Buttes detention basin (sheet 1 of 1).
4. Union Hills diversion channel (sheet 1 of 3).
5. Union Hills diversion channel (sheet 2 of 3).
6. Union Hills diversion channel (sheet 3 of 3).
7. Dreamy Draw detention basin (sheet 1 of 1).
8. Arizona Canal diversion channel (sheet 1 of 5).
9. Arizona Canal diversion channel (sheet 2 of 5).

10. Arizona Canal diversion channel (sheet 3 of 5).
11. Arizona Canal diversion channel (sheet 4 of 5).
12. Arizona Canal diversion channel (sheet 5 of 5).
13. Skunk Creek channel (sheet 1 of 2).
14. Skunk Creek channel (sheet 2 of 2).
15. New River detention basin (sheet 1 of 1).
16. New River "and Agua Fria River channelization (sheet 1 of 5).
17. Ne"T River and Agua Fria River channelization (sheet 2 of 5).
18. New River and Agua Fria River channelization (sheet 3 of 5).
19. New River and Agua Fria River channelization (sheet 4 of 5).
20. New River and Agua Fria River channelization (sheet 5 of 5).

2-ii

)



CONTENTS--Continued

FIGURES '.~ . , ... .,...- r

No. Title

1. Adobe detention basin outlet and spillway discharge.
2. Adobe detention basin flood routing.
3. Cave Buttes detention basin outlet and spillway discharge.
4. Cave Buttes detention basin flood routing.
5. Dreamy Draw detention basin outlet and spillway discharge.
6. Dreamy Draw detention basin flood routing.
7. New River detention basin outlet and spillway discharge.
8. New River detention basin flood routing.

2-iii

.. ..



PHOENIX, ARIZ., AND VICINITY (INCLUDING NEW RIVER)
GILA RIVER BASIN, ARIZ. AND N. MEX.

BAS E S FOR DESIGN
~ '",.;. " .... ~.

.....
•r"}{'.-(/ilo"!-":ol'

)

SCOPE

1. This appendix covers the engineering aspects of the
improvements for flood control recommended for construction in
the vicinity of Phoenix, Maricopa County, Ariz. The locations
of the improvements are shown on plates 1 and 3 of the main report,
and details of improvements considered are shown on plates 1 to 20,
inclusive, of this appendix.

IMPROVEMENTS CONSIDERED

2. The recommended improvements were designed so that the
detention basins would control the standard project flood and the
channel improvements would be entrenched in the ground with capaci
ties adequate to convey discharges corresponding to those of a
flood with a frequency of occurrence of once in 100 years. The
recommended improvements would include the following:

Adobe detention basin and diversion channel.
Ceve Buttes detention basin.
Cave Creek channel.
Union Hills diversion channel.
Dreamy Draw detention basin.
Arizona Canal diversion channel and Dreamy Draw

channel.
Skunk Creek channel.
New River detention basin.
New River and Agua Fria River channelization.

Adobe Detention Basin and Diversion Channel

3. Recommended plan.--The detention basin would be constructed
on an unnamed tributary of Skunk Creek, between the Deem Hills and
Middle Mountain, about 14 miles north of Phoenix. The diversion
channel and levee would be constructed across the Skunk Creek flood
plain to div~rt flows into the detention basin.
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4. The improvement would consist of an earthfill embank
ment, an ungated outlet, a detached spillway in a saddle on the
left abutment, and an earth diversion channel and levee. (See
pl. L) The earthfill embankment would have a crest length of
about 3,850 feet, ~rest elevation of 1,561 feet above mean sea
level, a top width of 20 feet, upstream slope of 1 vertical on
~ horizontal, a downstream slope of 1 vertical on 2 horizontal,
and a maximum height of about 76 feet.

5. The outlet would consist of an 8-foot-diameter reinforced
concrete conduit with a log rack at the inlet. The unlined spill
way would be excavated in rock and would have a concrete sill;
the crest length would be 250 feet,and the crest elevation would
be 1,542 feet.

6. 'The diversion channel would be excavated in earth and
would be about 2 miles long. It would be unlined and trape
zoidal in cross section with side slopes of 1 vertical on 2
horizontal. The base width would be 500 feet, and the average
depth would be 12 feet. A levee, about lt miles long, ·"ould
extend from high ground on the east side of the detention basin,
across the highway, and to high ground on the east bank of Skunk
Creek. The levee and channel would be separated by a lOO-foot
berm. The levee would have an upstream slope of 1 vertical on
~ hOrizontal and downstream slope of 1 vertical on 2 hori
zontal. The levee would have a top width of 20 feet, an aver
age heignt of about 12 feet, and revetment on the water side
with 18 inches of stone underlain by 6 inches of gravel
filter. The revetment would extend from the top of the levee
to 5 feet below the channel invert. Black Canyon Highway
would cross over the levee, and a bridge would be built over
the channel.

7. Hydraulic design.--The area-capacity curve was based
on aerial topography furnished by the Maricopa County Flood
Control District,dated 1963. Reservoir areas were determined
at contour intervals of 5 feet, and the gross volume was deter
mined for these intervals. The net· capacity curve was deter
mined by deducting the sediment volume from the gross capacity,
the sediment volume at any elevation being the ratio: area at
any elevation· is to the area at the spillway crest as the vol-
ume is to total volume. (See p1. 1.) The dam outlet .Tould have a
maximum capacity of 2,000 cubic feet per second. (See fig. 1.)

8. The standard project flood was routed' through the
reservoir that w~s assumed to contain a 100-year sediment
volume distributed to the spillway crest. The routing was
made by standard flood-routing methods previously used.

2-2
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The spillway-crest elevation was set coincident with the water
surface elevation obtained for the reservoir-design flood. The
spillvray-design flood (maximum probable) was routed by assuming
the reservoir-design-floed (standard project) pe~{ h&d pr€~e~ed

the maximum probable flood by about 25 hours. A graph showing
the relationship between inflow-outflow and the reservoir water
surface is shown on figure 2. The required freeboard was predi
cated on wave height and on rideup and setup above the water
surface in accordance with information obtained by the spillway
design-flood routing. A freeboard of 5 feet as a minimum was
selected although the computation showed 3.6 feet would be
required.

9. The excavated channel would have a bank-full capacity
equal to the peak discharge of the standard project flood under the
design assumption that n = .03 and no sediment deposits.
However, there is a good possibility that the capacity of the
channel would be reduced by sediment deposit at points of major
inflow. A levee along the south side of the excavated channel
would be provided to assure diversion of the design flood under
adverse conditions. The levee required to effect diversion of
the design flood under these adverse conditions (obstruction by
sediment deposits and n = .03) would, under ideal conditions
(no obstruction and n = .02), divert the maximum probable flood.
Therefore, the diversion qf the maximum proba~le flood was
assumed in the design -of A~obe Dam and spillway. Refinement of
design details for the general-design memorandum may permit a
reduction in design for Adobe Dam. However, for this survey
report, a conservative assumption is retained. Under design
conditions, the main velocity in the channel would be about
9 feet per second. Black Canyon Highway would cross the channel
on a 5CO-foot-Iong bridge.

10. Pertinent data. --Pertinent data on the Adobe detention
basin are given in the following table:
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Drainage area and design values

Drainage area•.•.•.••••••••••.•••.••••••• sq. miles ..
Reservoir-design flood:

Peak inflow.................................................. .. c .. f .. s ..
Volume acre-ft ..

Spillway-design flood:
Peak inflow c .. f .. s ..
Volum.e acre-ft ..

Sediment-storage requirement (IOO-yr.
period) acre-ft ..

General

Reservoir:
Area acre ..
Capacity acre-it ..

Embankment:
Top elevation ft., m. s.1. .
Maxi.m'um height ft ..
Length ft ..
Freeboard ft ..

Spillway:
Crest elevation•••••••••••••••.•.•••.. ft., m.s.l .•

Pool-drain conduit:
Capacity c. f. s ..
Diameter in ..

50,000
18,020

105,000
51,210

5,500

1,050
19,400

1,561
76

3,850
5.0

1,542

2,000
96

...... _ •••• 0,' •••,.

~~~:'>-:~!~,;~{~~~~:

11. Geology and s01ls.--Pertinent information on geology
and soils at the site of the Adobe detention basin and diversion
channel is given in following subparagraphs.

(a) Explorations.--Explorations for the proposed damsite
were completed during February 1963. Ten test trenches were
excavated to depths ranging from 3 to 14 feet with a D-8 dozer
that was equipped with a hydraulic-controlled ripper. One test
trench was excavated in the right abutment, two at the toe of
the right abutment for the outlet works, four across the valley
bottom, two in the left abutment" and one in the spillway. Dis
turbed samples of the soil were obtained for laboratory classi
fication tests. The location and logs of the trenches are
presented on plate 2.

(b) Foundation conditions.--The surface material on the
right abutment c9nsists of volcanic cobbles, boulders, and
volcanic rocks that could not be penetrated with the D-8
dozer; the surface material is probably underlain by agglomerate.
Ground water was not encountered, but it is probably at a
depth of 50 feet or more.
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c.~:) The trenches for the outlet 'ltlOrks, ,.,hich were excavated
near the toe of the right abutment, encountered silt and sand to
a depth of 8 feet; below a depth of 8 feet, cobbles and boulders
in a moderately cemented matrix were encoynterec. The mate~ials

encountered in the trenches across the valley bottom consisted of
a surface layer about 4 feet thick of silty sand, silt, and clay
that vas underlain by partially cemented silty gravelly sand
containing cobbles and small boulders; the degree of cementation
increased with depth,causing the materials to be difficult to
penetrate ,nth a ripper belo~ depths of 8 to 10 feet.

(d) The trench excavated at the toe of the left abutment
encountered sandy silt to a depth of 10 feet that was underlain
by moderately well-cemented agglomerate. A trench excavated on
the left abutment about elevation 1,530 feet encountered a sur
face layer about 4 feet thick of volcanic cobbles a~d boulders
derivec from a remnant of a basalt cap; the surface layer was
underlain by moderately veathered, slight to moderately cemented,
tuffaceous agglomerate.

(e) At the site of the spillway, the material from the
ground-surface to a depth of 1 foot was silt containing a few
cobbles and boulders; from a depth of 1 to 2.5 feet, hard
caliche was encountered; from 2.5 to 5 feet, moderately cemented
silty sand vras encountered; and from 5 to 12 feet, tuffaceous
agglomerate was encountered.

(f) Design applications.--Pertinent information on design
applications is given in following subparagraphs.

(1) Embankment.--Material for construction of the
embankment could be obtained by excavating to a depth of about
10 feet in the valley bottom upstream from the embankment. The
materials are very dry and will have to be moistened to optimum
moisture vrith imported ,·rater. Material for pervious drains could
be obtained by processing streambed material from Skunk Creek.

(2) The materials in the abutments and valley bottom
have ample strength to support the embankment. Settlement of the
foundation will not be a problem. The depth of stripping across
the valley bottom should be about 1 foot; and on the abutments,
5 feet. An exploration trench should be provided for the entire
length of the embankment; it should extend 10 feet below the
ground line across the valley bottom and 10 feet below the strip··
ping line en the abutment; the bottom width should be 12 fee~

and the side alopes should be 1 vertical on 3 horizontal. The
exploration trench would be backfilled with compacted random
materials from the borro~ area.
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(3) The embankment would be constructed from random
materials obtained from the borrow area. After compaction,
these materials ,,]ould be relatively impervious. v11 th the
exploration trench tied. to cemented material across the valley
bottom arid to agglomerate on the abutments, the embankment
would create an imperVious barrier, and there would be little
if any underseepage during the short period that water would
be stored in the reservoir. Throughseepage would not occur
because the saturation line would not penetrate an appreciable
distance into the embankment during the short period of impound
ment. Hence, both slopes ,.70uld be designed for a drained condi
tion. An upstream slope of 1 on 2.5 and a downstream slope of
1 on 2 would have adequate safety factors against failure in
shear. It is anticipated that enough cobbles could be raked
out of the embankment to prOVide protection against erosion
on the upstream and downstream slopes. An inclined pervious
chimney connected to a horizontal downstream drain would be
provided for internal drainage.

(4) Outlet.--At the toe of the left abutment, the
outlet can be safely founded on cemented material found at
elevation 1,484 feet, which is about 8 feet below the exist
ing ground surface.

(5) Spillway.--The ground surface in the spillway
area is about elevation 1,540 feet. If the crest elevation
of the spillway is established at elevation 1,535 feet or
lower, the crest would be in agglomerate that would be
fairly scour resistant.

(6) Collecting dike.--Side slopes of 1 on 2
vould be stable. The upstreare slope would be revetted ,,]ith
an 18-inch layer of 150-pound stone underlain by a 6··inch
layer of" gravel filter.

Cave Buttes Detention Basin

12. Recommended plan.--Cave Buttes detention basin
would be constructed about 2 miles south of the existing Cave
Creek Dam. The aite is accessible by .,ay of Cave Creek Road.
The improvement .]ould consist of an earthfill dam ",ith an
ungated outlet on the main· stream channel, east and west
dike~and a detached spillway on the right abutment. The
principal features are shown on plate 3.
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13. The earthfill embankments would have a crest elevation of
1,621 feet, a top ~idth of 20 feet, upstream slope of 1 vertical
on ~ horizontal, and a downstream slope of 1 on 2. The main
dam would have a crest length of about 2,100 feet and a maximun
height of about ·120 feet. The 1,:est dike vrould have a crest
length of about 3,500 feet and a maximum height of about
90 feet. The east dike would have a crest length of about
8,600 feet and a maximum height of about 75 feet. The eastern
mo~t 1,500 feet of the east dike would serve as a deflecting
levee for spill,,!ay flows from the existing Cave Creek Dam. The
deflecting levee would be about 6 feet high.

14. The outlet would consist of a 12-foot-diameter con
crete conduit with a log rack at the inlet. It 'Would empty
into the Cave Creek channel. The unlined spillvay would be
excavated in rock with a crest length of 400 feet and a
concrete sill at the crest elevation 1,596.5 feet.

15. HYdraulic design.--The area-capacity curve was computed,
based on aerial topography dated 1961. The reservoir area was
determined at contour intervals of 5 feet and the gross volume
was determined for these intervals. The net capacity curve 1-TaS
determined by deducting the sediment volume from the gross
capacity; the sediment volume at any elevation being the fol
lOWing ratio: area at any elevation is to the area at the
spillvl8.Y crest as the volume is to the total volume. (See pI. 3
for the area-capacity curve.) The dam outlet "Tould have a maxi
mum capacity of 5,430 cubic feet per second. (See fig. 3.)
The standard project flood was routed through the reservoir
that was assumed to contain a 100-year sediment volume dis
tributed to the spillway crest. The routing was made by
standard flood-routing methods preViously used. The spillway
crest elevation was set coincident vrith the water-surface
elevation obtained for the reservoir-design flood.

16. The spillway-design flood (maximum probable) 1~as
routed by assuming the reservoir-design -flood (standard project)
peak had preceded the maximum probable peak by 2 days. A graph
showing the relationship between inflow-outflow and the reservoir
water surface is shown on figure 4. The required freeboard was
predicated on wave height and on rideup and setup above the water
surface in accordance .nth information obtained by'the spillway
design-flood routing. A freeboard of 5.5 feet was selected
although the computation showed 4.6 feet 1-Tould be sufficient.
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17. Pertinent data.--Pertinent data on the Cave Buttes
detention basin are given in the following table:

Drainage area· and design values

Drainage area....•••...•..•..••..•....•.. sq. miles •.
Reservoir-design flood:

Peak inflow••...•.•••••...•...•..•..••.•.•. c. f. s .•
VollJIlle acre-ft ..

Spillway-design flood:
Peak inflow c . f. s ..
Vol'Ume acre- ft ..

Sediment-storage requirement (IOO-yr.
period) .••...•............•.•..••.•.••. acre-ft ..

193.0

79,000
39,000 )

160,000
85,700

2,500

General

Reservoir:
Area acre ..
Capacity...•••••••••..••....•••..••••.... acre-ft •.

Embankment:
Top elevation•••....•...•....•.....•.. ft., m.s.l •.
Maximum height ft .
Length ft ..
Freeboard..•.....•.•.•..•••........•...•..•••. ft •.

Spillway:
Crest elevation.•.•..•..•....•....••.. ft., m.s.l ..

Pool-drain conduit:
Capac i ty........•..•.•........•....•...•... c. f. s ..
Diameter in..

825
28,800

1,621
110

2,100
5·5

1,596.5

5,400
144

18. Geology and soils. --The main embankment would span
Cave Creek between two volcanic hills. The hill forming the
left abutment has a volcanic cover of basalt. The upper slopes
are covered with talus consisting of basalt boulders, and the
lower slopes are covered with residual soil and basalt boulders.
The hill forming the right abutment is composed of basalt flows
vith a hard, coarse basalt breccia exposed near the base of the
abutment. The valley bottom between the hills as exposed in
two trenches is composed of sand, gravel, cobbles, and boulders
of a maximum size of about 24 inches to a depth of at least
25 feet; the granular materials on the left side of the valley
are covered with at least 5 feet of silt and clay containing
basaltic boulders.
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19. The spillv7ay would be excavated through a saddle in
the ridge of the hill forming the right abutment. The crest of
the saddle is covered with residual soil and basaltic rock frag··
ments (containing caliche near the sllrface) that are probably
underlain at an undetermined depth by a coarse agglomerate with
a tuffaceous matrix.

20. The right end of the east dike abuts the northeast
side of the hill forming the left abutment of the ~ain embank
ment. Geologic conditions where the dike abuts the hill are
not knc"m, except that a coarse agglomerate "7i th a tuff matrix
is exposed at the base of the butte, about 1,600 feet westward
of the abutment, and that the lower slopes of the hill are
composed of residual soil and basalt boulders and some talus
deposits. The left end of the east dike abuts a low-lying
ridge that has fractured volcanic bedrock exposed at the top
of the hill and residual soil with basaltic boulders covering
the lovTer slopes. The alluvial plain between the volcanic hill
and low-lying ridge is composed of silty sand-clayey sand to
undetermined depths with some caliche exposed at the surface;
the deflecting dike northeastward of the east dike would cross
a topography and be in materials similar to that of the allu
vial plain south't<restward of the lov! ridge.

21. The left end of the west dike abuts the north end of
the same hill forming the right abutment of the main embankment.
Outcrops of bedrock near the dike but about one-third the dis
tance up the slope of the abutment indicate the hill in this
area is composed of volcanic agglomerate with the lower slopes
covered by talus and residual soil containing rock fragments
and boulders. The right abutment has a residual cover of
basaltic and granitic fragments, but the mass of the hill is
probably granite that is cut by volcanic dikes; schist is
exposed in the gullies on the lower slopes, and granite is
exposed above the schist.. The alluvial plain between the
abutments is composed of silty sand-clayey sand to undeter
mined depths with some caliche exposed at the surface.

22. Adequate quanti ties of borrow materials v~ould be
available for construction of the proposed embankments.
Impervious materials consisting of silty sand-clayey sand con
taining some gravel and occasional cobbles of a maximum size
of 18 inches could be obtained from the unnamed wash located
immediately north of the east dike; this material is exposed
in an abandoned materials pit "lith a depth of about 15 feet.
Material for the pervious drain could be obtained by processing
the granular material in the streambed immediately upstream from
the main embankment.

2-9

.):.. , .



23. The embankments would be constructed of pit-run
impervious materials with a pervious chimney' and downstream
horizontal pervious drain. The foundation materials and the
abutments would adequately support the proposed embankment.
No settlement or stability problems are anticipated. Under
seepage beneath the dikes would be controlled by connecting
the impervious section to the impervious foundation materials.
Underseepage beneath the main embankment would be uncontrolled,
but piping of the coarse foundation materials would not be
expected. Throughseepage would be controlled by the pervious
chimney and downstream drain.

Cave Creek Channel

24. Recommended plan.--The channel would be constructed
along Cave Creek from Cave Buttes detention basin to the
Union Hills diversion channel. It would carry releases from
the detention basin outlet and side drainage from the Cave
Creek drainage basin. The channel .,ould be about 3.6 miles
long. The reinforced-concrete-lined channel would have a
trapezoidal cross section, side slopes of 1 vertical on
2t horizontal, a base width of 10 feet, and a channel depth
of 11 feet. The base slab would be 10 inches thick and the
side-slope slabs .,ould be 8 inches thick. Berms along the
channel would be paved with asphalt. No bridges or utility
relocations are anticipated. For details, see plate 5.

25. Hydraulic design.--Cave Creek channel will convey
the outflow from Cave Buttes Dam and intercept part of the
flmy from Cave Creek drainage area downstream from the dam.
The selected design discharge of 6,000 cubic feet per second
would correspond to a flood with a frequency of occurrence once
in 100 years (included is 3,100 c.f.s. outflow from Cave Buttes
Dam). The excess flow not entering the channel would be inter
cepted by the Union Hills diversion channel. The water-surface
profile was determined by the reach method with the friction
loss evaluated by use of the Manning formula, assuming an "n"
value of .014. The channel would terminate in the Union Hills
diversion channel. Velocity in the channel would be super-
critical and the maximum would be 27 feet per second. The
depth of flow would be about 8 feet.

26. Geolog'J and soils. - -The channel would be founded on
Recent alluvium consisting of sand, gravel, cobbles, and
boulders with a maximum size of about 24 inches. Excavation
and fill slopes of 1 on 2 would be stable. AIthough the depth
to ground water is not known, a 6ubdrainage system would
probably be required.
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Union Hills Diversion Channel

27. Recommended plan.--The channel would be constructed
in the vicinity of and generally parallel to Union Hills D::tive,
an east-west road north of Phoenix. It would collect flood
waters from the Cave Creek drainage basin below the proposed
Cave Buttes detention basin and above Union Hills Drive and
divert them to Skunk Creek. The channel would be about
9-3/4 miles long and would extend from 40th Street to Skunk
Creek at Hedgpeth Hills. The reinforced-concrete-lined
channel would have a trapezoidal cross section, side slopes
of 1 vertical on 2-1/4 horizontal, base width of 15 to 60 feet,
and '-Tall heights of 10 to 18' feet. The base slab would be
10 inches thick and the side-slope slabs would be 8 inches
thick. Berms along the channel would be paved vTith asphalt.
Seven bridges would be constructed. About 1,800 feet of
Union Hills Drive would be relocated. For location and
details, see plates 4, 5, and 6.

28. Hydraulic design.--The diversion channel acts as an
interceptor for flows from the Cave Creek drainage area. The
flow would enter the channel at an angle of 30 degrees. The
channel is designed for discharges ranging from 2,000 cubic
feet per second at the upstream end to 13,400 cubic feet per
second at the downstream end. These values correspond to a
flood having a frequency of occurrence once in 100 years.
The water-surface profile was determined by the reach method,
except at points where large concentrations of side flow would
enter; depths were determined by assuming equal momentum at
these points. The friction losses were based on a value of
"n" of .014 in the Manning formula. Flow in the channel
upstream from Cave Creek would be in the undulating stage
due to a large inflow over the side of the channel. Flow
dmmstream from Cave Creek confluence i·rould have super
critical velocity. Velocities in the channel would range
from 8 to 30 feet per second and depths would range from
6 to 15 feet. A minimum freeboar~ of 2.5 feet is provided.

29. Geo10gy and soils.--The foundation materials along
the proposed channel are Recent alluvium. In the reach across
Cave Creek, the materials '''ould be mostly sand and gravel.
Outside the Cave Creek reach, the predominant material would
be silty sand. The materials could be easily excavated with
ordinary earthmoving equipment. Excavation and fill slopes
of 1 vertical on 2 horizontal would be stable. Ground water
in 1946 was at depths ranging from 100 to 200 feet; hence, a
subdrainage system uould not be required for the lined channel.
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Dreamy Draw Detention Basin

30. Recommendedplan.--The detention basin would be con
structed in Dreamy Draw on the south side of Shea Boulevard
and east of 16th Street. The improvement would consist of an
earthf!ll embankment, an- ungated outlet, two saddle dikes along
Shea Boulevard, and a detached spillway on the left abutment.
The embankment 1'Tould have a crest length of 480 feet, a top
width of 20 feet, a height above streambed of 50 feet, and side
slopes of 1 vertical on 2i- horizontal on the ttpstream side and
1 -:m 2 on. the downst.ceam side. The outlet would consist of
a 36-inch-diameter reinforced-concrete conduit with an ungated
pool-drain structure.

31. :aYdraulic design. --The area-capacity curve for the
Dreamy Draw detention basin was determined by use of a contour
map with intervals of 10 feet. The net-capacity curve was
determined by deducting the sediment volume. The outlet was
predicated on voiding the reservoir within 1 week; because
the outlet conduit is only 3 feet in diameter and could be
rendered inoperative, no consideration was given toward
reduction of the reservoir-design flood. The spill~~y crest
was set by storing the volume of the reservoir-design flood
plus the lOO-year sediment volume. The spillway-design flood
was routed by approved standard procedures, assuming the
reservoir filled to the spillway crest at the beginning of
the flood. Outlet and spillway discharges and flood-routing
curves are shown on figures 5 and 6. Freeboard of 5 feet was
selected after the effect of wind setup plus rideup and wave
heights gave a figure less than the selected 5-foot minimum.

32. Pertinent data. --Pertinent data on the Dreamy Draw
detention basin are given in the following table:
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Drainage area and design values

Drainage area••....••.•......•........... sq. miles ..
Reservoir-design flood:

Peak inflo1-T c . f. s •.
Volume ...•....•..............•........... acre-ft ..

Spill1-my-design flood:
Peak inflov1 •••••••••••••••••••••••••••••••• c. f. s ..
Volume .•....•.•....•...........•.....•..• acre-ft •.

Sediment-storage requirement (lOO-yr.
period) .•......................•....... acre-ft ..

General

Reservoir:
Area acre ..
Capacity acre- ft ..

Embankment:
Top elevation...........•.........•... ft., m.s.l ..
Maximum height ••.................•..........•. ft ..
Length.................•.....•................ ft ..
Freeboard.•...•...•.............•....•••.•...•. ft ..

Spilhray:
Crest elevation............•...•....•. ft., m.s.l ..

Pool-drain conduit:

1.3

2,180
300

9,700
1,330

150

30
450

1,420
50

2,350
5.0

1,410

... ~'......... ~..

)

Capacity..•.......•......••.•.............. c.f.s.. 100
Diameter in. . 36

33. Geology and soils.--The embankment, dikes, collecting
levee, and spillway would be founded on bedrock. The rock is
moderately soft to moderately hard schist. Most of the over
burden in the streambed has been removed by gravel-pit opera
tions. Hence, all the fill material would be obtained from
surplus excavation for the Arizona Canal channel; material
from the channel would be chiefly silty sand. Prior to place
ment of fill, all the existing overburden would be removed;
and the fill would be placed directly on the rock. Fill slopes
of 1 on 2~ upstream and 1 on 2 downstream l!ould be safe. Under·.
seepage would not be a problem due to the low permeability of
the rock foundation. Throughsee~agewould be cont~olled by
the pervious chimney and dOvmstream drain.

Arizona Car.al Diversion Channel and Dreamy Draw Channel

34. Reeorrmended plan.--The Arizona Canal diversion channel
vould collect floodvaters from the Cave Creek drainage area
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bet"Teen Union Hills Drive and Arizona Canal and from the
Dreamy Draw drainage area. The diversion channel would con
nect with the downstream end of the Dreamy Draw channel
east of Seventh Street, thence along the north bank of the
Arizona Canal to Skunk Creek, a distance of about 13 miles.
Dreamy Draw, the only improved channel intercepted by the
diversion channel, would be a concrete-lined channel with
a rectangular section 10 feet wide and 3t miles in length.
The construction of six street crossings would be required.
The Arizona Canal diversion channel east of·Central Avenue
would be entrenched in the ground and would be concrete
lined with a rectangular cross section ranging in width
from 10 to 50 feet. West of Central Avenue, the channel
would be unlined with a trapezoidal cross section having
side slopes of 1 vertical on 2k horizontal. Base width
1~ould range from 20 to 200 ~eet, and wall hei~~ts would range
from 8 to 20 feet. The side slopes would be revetted with
15 inches of stone underlain by 6 inches of gravel filter.
The revetment would extend from the top of the side slope
to 8 feet below the invert. The stone "Tould be grouted at
points of concentrated inflow. A concrete structure would
be provided at the confluence with Skunk Creek. Berms along
the channel would be paved vith asphalt. Construction of
nine bridges would be required. The channel details are shown
on plates 8, 9, 10, 11, and 12.

'".~ ..

~ ••• "¥

35. aydraulic design.--The diversion channel along the
Arizona Canal acts as an interceptor. Flow enters the channel
nearly at right angles. The channel along Dreamy Draw.would
carry the discharge from Dre~ Draw detention basin and
provide capacity for the lOO-year flood for the area between
the detention basin and the Arizona Canal. The channel
capacity would range from 100 to 1,500 cubic feet per second.
The Arizona Canal diversion channel would be designed for a
discharge ranging from 1,500 to 18,500 cubic feet per second,
which is equal to a flood haVing a probability of occurrence
of once in 100 years. The water-surface profile was deter
mined by the reach method vdth friction losses computed by
use of the Manning formula. A value of "n" of .014 ,,!as assumed
in all concrete portions to determine the maximum velocity;
in the unlined portion, a value of "n" of .02 was assumed,
giving a maximum velocity of 8 feet per second. To determine
the maximum depth in the unlined portion, a value of "n" of
. 03 "Tas assumed. Depth of flow ,.,ould range from 13 to 16
feet. The minimum freeboard would be 2.5 feet for the
trapezoidal section and 2 feet for the rectangular section.

)
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36. Downstream terminus. --Several methods "Tere tried in
the junction "lith the Skunk. Creek channel improvement, the most
practicable be~ng a concrete transitio~ (base width, 125 to 30
feet) on a relatively steep slope to increase the velocity ~~d

decrease the base width. The transition would be perpendicula~

to the Arizona Canal (acting as a side-channel spillway) and
parallel to Skunk Creek at the confluence.' This method gives
relative velocity and depths in both the transition and Skunk
Creek that are compatible.

37. Geology and soils.--The foundation materials along
the proposed channel would be Recent alluvium consisting
mostly of silty sand. The materials could be easily exca
vated with ordinary earth-moving equipment. Excavation and
fill slopes of 1 on 2 would be stable. Due to the close
proximity of the Arizona Canal, perched ground Vlater may be
encountered in the excavation. A subdrainage system would be
required for the lined portion of the channel. Grouted and
ungrouted revetment would be 150-pound stone, and the filter
material would be gravel.

Skunk. Creek Channel

38. Recommended plan'--The channel would be constructed
along Skunk Creek from the Hedgpeth Hills to the confluence
"lith the New River. The channel would carry floodflows from
Skunk Creek, Union Hills diversion channel, and Arizona Canal
diversion channel. The concrete-lined channel would be about
~ miles long, with trapezoidal cross section, side slopes of
1 vertical on 2t horizontal, base width of 15 to 40 feet, and
",all heights of 10 to 23 feet. The base slab ",ould be 10 inches
thick and the side-slope slabs would be 8 inches thick. Berms
along the channel would be paved with asphalt. Four bridges
would be constructed. About 2,000 feet of Union Hills Drive
would be relocated. For location and details, see plates 13
and 14. For inlet details, see plate 6.

39. Hydraulic design. --The inlet for the improved channel
consists of a concrete-lined transition with wing levees extend
ing to high ground on the left and right banks to train the
flow to the transition. Each wing levee is about 1,500 feet
long, "rith an 18-inch stone facing and filter on the upstream
side. Union Hills diversion channel enters the Skunk Creek
improvement 1,500 feet below the inlet. Downstream from the
confluence, the channel alinement follows generally the
natural channel to the confluence with the Arizona Canal diver
sion channel. Downstream from the Arizona Canal to the
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New River, the channel base width would be 40 feet, ending in
a stone-lined transition that acts as an energy dissipator to
reduce velocities entering the New River channel. The design
capacity of the channel vTould range from 24,400 to 41,400
cubic feet per second. Water-surface elevations and friction
losses were based on the Manning formula with a value of "n"
of .014 in the concrete-lined channel and .040 in the stone
lined energy dissipator. Maximum depth in the concrete channel
would be 21 feet; and velocity, 31 feet per second. Exit depth
in the grouted-stone energy dissipator at the New River would
be 7 feet; and velocity, 15 feet per second.

40. Geology and soils. --The foundation materials along
the proposed channel would be Recent alluvium consisting
chiefly of sand and gravel. The materials could be easily
excavated with ordinary earthmOVing equipment. Excavation
and fill slopes of 1 on 2 'to!ould be stable. Ground water was
at a depth of about 100 feet in 1946; hence, a subdrainage
system would not be required for the lined reach. Grouted
and ungrouted revetment would be 150-pound stone, and the
filter material would be gravel.

New River Detention Basin

41. Recommended plan.--The improvement would be located
about 11 miles north of Peoria, on the New River at West ,,,ring
Mountain. The improvement would consist of an earthfill
embankment, .an ungated outlet, a saddle dike, and a detached
spillway located in a saddle on the left abutment of the dam.
The embankment 'to7ould be 2,700 feet long; and the crest, at
elevation 1,474 feet,. would be about 80 feet above streambed.
The· saddle dike't';ould be about 4,900 feet long. The top
would be 20 feet wide, the embankment slopes would be 1 ver
tidal on 2! horizontal and 1 vertical on 2 horizontal on the
upstream and downstream sides, respectively. The outlet 'Would
consist of a 72-inch-diameter reinforced-concrete conduit, a
concrete log rack at the inlet, and a concrete energy-dissipating
structure at the outlet. The spillway 'to'ould be excavated in
rock 'toTith a crest length of 800 feet and a concrete sill at
the crest elevation of 1,458 feet. For location and details,
see plate 15.

42. Hydraulic design.--The area-capacity curve, shown on
plate 15, was computed on the basis of U.S. Bureau of
Reclamation topographic survey (revised) dated May 1, 1946.
Reservoir areas were determined at contour intervals of 10 feet,
and the gross volume was determined for these intervals.
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The net capacity curve was determined by deducting the sediment
volume from the gross volume. The outlet would be ungated,
with a maximum capacity of 1,000 cubic feet per second. (See
discharge curves shown on fig. 7.)

43. The standard project flood was routed by assuming an
empty reservoir but with the 100-year sediment distributed to
the spillway crest. The maximum water surface attained from
this routing was used to establish the elevation of the spillway
crest. 'I'he spillway'-design flood (maximum probable) ,,-as routed
by assuming the reservoir-design flood (standard project) had'
preceded the maximum probable flood by about 26 hours.

44. A graph showing the relationship between inflow
outflow and reservoir water surface is shown on figure 8. The
freeboard was predicated on wave height, rideup, and setup
above the water surface obtained by the spillway-design routing.
A minimum freeboard of 5.5 feet was selected although the compu-
tation showed 4.3 feet would be sufficient.

45. Pertinent data.--Pertinent data on the New River
detention basin are given in the following table:

Drainage area and design values

:.:.

.,'

)

Drainage area ...........•..•••..•.•••••...• sq. miles .•
Reservoir-design flood:

Peak inflow c . f .. s ..
Volume......•.......•.......•.•••.......... acre-ft .•

Spillway-design flood:
Peak inflov ........••....•...••......•.•..••• c. f. s .•
Volume acre-ft .

Sediment-storage requirement (lOO-yr.
period) .....•.•.•.•.....•.•••...•.••.....acre-ft •.

General

Reservoir:
i\.rea acre ..
Capacity.•.••.•.•••......•.•••.•.•••.••.•.•acre-ft .•

Embankment:
Top elevation...••.....•••.••.•••..•.... ft., m.s.l ••
Maximum height ...•..•.•..•••.......•••.•••.•••.. ft .•
Length.....•.......•....•....•.....•......•...•• ft ••
Freeboard..••.•..•.•••.•........•••••..•....•.•. ft ..

Spillway:
Crest elevation••...•...•••••••••••..... ft., m. s .1 ..

Pool-drain conduit:
Capacity•...••...••••............•.••........ c. f. s ..
Diameter....•...••.......••...•..•........•.•..• in..
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60,000
33,700

128,000
87,000

10,000

1,740
39,500

1,474
80

2,860
5.5

1,458
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46. Geology and soils.--A field reconnaissance was made
by a team of geologists and soil mechanics engineers. Observa
tions of the conditions at the site indicate that construction
of an embankment at the proposed site is feasible. Pertinent
information on geology and soils at the site of the New River
detention basin is given in following subparagraphs.

(a) Foundation conditlons.--The bedrock forming the
right abutment is basalt that is overlain by an undefined thick
ness of loose volcanic rock and boulders. The material across
the valley bottom is Recent alluvium consisting of silt, sand,
gravel, and cobbles, with a maximum diameter of about 12 inches.
The bedrock forming the left abutment and spillway area is
granite that is overlain by an undefined thickness of talus.
The depth to ground water is unknown, but it is probably at a
depth of 50 feet or more.

(~) Design applications.--Borrow materials for the embank
ment would be obtained from the valley bottom, immediately up-
stream :from the embankment. Pervious material could be obtained

by processing the streambed material. The same embankment
section would be used at this site as propos~d for'the Adobe
damsite. Refinements of details will be made after explora
tions have been completed. The outlet would be founded on rock
at the toe of the right abutment, and the spillway lo!ould be
notched into rock of the left abutment.

New and Agua Fria Rivers Channelization

47. Recommended plan. --The New River would be improved
from Skunk Creek to the confluence with the Agua Fria River,
a distance of about 8 miles. Channelization would continue
on the Agua Fria River to its junction with the flood plain of
the Gila River, a distance of about 7i miles. The'channeliza
tion upstream of 'U.S. Highway No. 60 would consist of excavat
ing an unlined channel and construction of a levee on the
east bank and on the west bank only in the vicinity of Atchison,
Topeka and Santa Fe railroad and U.S. Highway No. 60 bridges.

48. Upstream from -U. S.' Highway No. 60, the channel would
have a base width of 700 feet except thro~gh the Atchison, 'Topeka
and Santa Fe railroad and, U. S. Highway No. 60 br-idges1·rhere it
~'JOuld 'have a base vi-idth of 400 feet. Th'e streamside of the
levee would be revetted with 18 inches of stone underlain by
~ inches of grav~l filter. The revetment would extend fr0m
the top of the levee to 5 feet below the channel invert. On
the' landside of the east...bank levee, a sIliaB: drainage ditch
would be lined with stone to a height of 5 feet. ,Through the
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bridges, the channel invert would be protected with stone. Side
drainage would enter the channel by culverts passing through the
levees. Relocations would consist of modifying the railroad and
U.S. Highway No. 60 bridges, construction of a dip crossing at
Thunderbird Avenue, and of protecting utilities in place or
moving them clear of construction.

49. Downs tream from U. S. Highway No. 60, the channel
would have a bottom width varying from 800 to 1,500 feet; be
entrenched in the ground, and have a levee only in the vicinity
of Avondale. Grouted stone would be provided at the confluence o~

the New and the Agua Fria Rivers. Dip crossings would be pro
vided at Peoria and Olive Avenues; Indian School, Thomas, and
McDowell Roads; and at Van ~uren Street. About one-half mile
of El Mirage Road would be relocated, and a bridge modifica-
tion would be required at Glendale Boulevard. The existing
Southern Pacific railroad and U.S. Highway No. 80 bridges
would be utilized, and the existing dip crossing for the
eastbound highway traffic would be lowered. Utilities ;'Tould
be relocated as required. The alinement and details are shown
on plates 16, 17, 18, 19, and 20.

50. Hydraulic design.--The New and the Agua Fria Rivers
channelization and levee upstream from U. S. Highway No. 60 ioleTe

based on the 100-year frequency discharge with Adobe, Cave
Buttes, and the New River detention basins constructed. Flow
would have subcritical velocity with control sections at the
Atchison, Topeka and Santa Fe railroad and U.S. Highway No. 60
bridges. These bridges would require modifications to the
extent of four additional spans for the railroad bridge and
two additional spans for the highway bridge.

51. Water-surface computations upstream of U. S. Highway
No. 60 were made by the reach method, with friction losses
based on a value of "nil of .035 in the Manning formula. Free
board of 3 feet would be proVided. The maximum depth would be
13.0 feet; and the velocity, 11.5 feet per second.

52. The channel would be excavated to have sufficient
capacity to contain the lOO-year design flood (53,400 c.f.s.).
The levee on the left bank would prevent the design flood from
overflowing to the east. The training levees on the right bank
would channelize the flow through the bridges.

53. The improvement downstream of U.S. Highway No. 60
continues along the New and the Agua Fria Rivers to 9,000 feet
downstream of U. S. Highway No. 80 at Avondale, with a design
capacity ranging from 53,400 to 74,000 cubic feet per second.
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The outlet 'WOuld be protected from scour by dumped stone. The
maximum depth is 9 feet; and the velocity, 14 feet per second.
The water-surface profile was determined by computing the water
surface based on an "n" value of .025 in the Manning fornIu1a.

54. Geology end soils.--The foundation materials along the
proposed channels 'would be Recent alluvium consisting of silt,
sand, and gravel. The materials could be easily excavated
1071th ordinary earthmoving equipment. Excavation and fill
slopes of 1 cn 2 would be stable. Ground water was at a depth
of about 100 feet below the ground surface in 1946. Ungrouted
revetment would be l50-pound stone and would be underlain by
a gravel filter. Grouted revetment would also be 150-pound
stone but would not be underlain by a filter.

55. Diversion and control of water.--Control of runoff
would be accomplished by controlled construction. Closure of
embankment for the detention basins would be accomplished
after completion of the outlet so that it could be used as a
diversion facility. The diversion channels would be con
structed starting at their lower ends to prevent problems
resulting from the diversion of water. The improvement of
existing channels would be done in periods of least rainfall
expectancy. In case of flow in the New River or the Agua..Fria
River, water would be diverted to either side of the channel
until work was .completed on one-half the channel; the flow
would then be channeled into the completed part.

56. Rights-of-way.--Permanent rights-of-way would be
reqUired for the detention basins, channels, and levees.
Permanent easements would be required for floodway and to
restrict excavation in the New River and the Agua Fria
River. A floodway easement would be required downstream of
construction on the Agua Fria River to about midchannel of
the Gila River. Temporary easements during construction
would be necessary on each side of the channels for the con
tractor work area. Additional temporary easements would be
reqUired for disposal areas along the diversion channels,
Skunk Creek, and for fill along the lower Agua Fria River.
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Flood Control District
01

Maricopa County
3325 WEST DURANGO STREET

PHOENIX. ARIZONA 8S009

MEMO

FOR: Files

FROM: L. E. Ohsiek

March 14, 1969

SUBJEC'I: Ari ;c:.ona C;:lna 1 flooc\\ay~ r.iPhase B report.

Plate ) of a9pendi> 2 to the Phabe B repo~t contains a typLcal
~ectLo,1 of tbe flooC:;""ay proposed along the Ari:.::ona Canal. This
~ection show~ a 3e t strip alongside the canal ant Ln addition to
the 18' access road on the south side of the floodway. During his
recent visit to the District office, Col. Lowry asked what this
30' was intended for, and ~hether it could be combined with the l8'
access roaa to recuce the amount of right-of-~ay required.

On March 12, 1963, Mr. Al Gilcea of the District office called to
explain the purpose of this 30' strip; Mr. Fujiwara was also on the
phone. He saic this 30' was intended as protection against seep-
age front the irrigation canal into the deeper flood\\ay. If seepage
were to develop, it could cause either uplift to the concrete
lining of the floocway or piping action through the embankment with
consequent repair and maintenance costs. He recommended that this
30' be retainec in adcition to the 18' access road until the time
for construction approaches. At that time borings and soil invest
igations can be made to cetermine whether the design can be modified.

L.E. Ohsiek

js
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MBMO FOR FILE

November 25, 1910

SUBJECT: Agua Fria River Channel, Phase B Report

I received a call frau Pace Associates (R. Gutierrez) regarding
a tract in section 14, 'flN, lUW, on the east aide of the Agua
Fria River. They noted that plate 20, Appendix 2, of the report
indicated a -flowage easement- in this area and asked what: 1 t
meant aQd what was required.

I called F. carroll at the District Office, Loa Angeles, and re
ceived. the following information on November 24.

a. Flowage easement was considered best solution at the
time the project was developed. Only a narrow zone was affected,
and construction of a dike did not seem economically justified
at that time.

b. There is no objection to the property owner filling this
area. The Flood Control District could fill it if desired, and
it is possible that enough spoil might be available during con
.auction to provide the required fill (note that fill will be
required on the west bank also).

c. At the time the channel is being designed, consideration
can be then given to construction of a dike on the east side if
it is desirable.

I a<lviaed Pace Associates of this. I stated a180 that we would
state that any development referred to us would carry our added
remarks:

a. The area is now subject to flooding.

b. Inasmuch as it is now subject to flooding, we see no
need to acquire the land by easement. ' It would remain unpro
tected if a dike were not found justified•

. c. There would be no objection to filling or developing the
area, if the threat of inundation were recognized.

~" ,-- .7· ;/. /
-!, ,;-_. /. i

,/I~_.:...~~i-~~.:;;~.:::::l.. _
L. E. Ohsiek
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COST ESTIMATES

PHOENIX, ARIZ. , AND VICINITY (INCWDING NEi·l RIVER)
GILA RIVER BASIN, ARIZ. AND N. MEX.

-
1. General. --This appendix presents the detailed estimate of

construction and maintenance costs of the recommended improvements
for flood control in that part of the Phoenix metropolitan area that
is considered in detail in the main report.

2. The estimated first costs include estimates for construc
tion, relocations, rights-of-w~) engineering anu design, and super
vision and administration. Construction costs include allowances
for contingencies. Costs of preauthorization studies are not
included in the estimates.

3. Unit prices.--Unit prices were developed by using current
material, equipment, and labor costs typical of work of this nature
in the vicinity of the site of the recommended improvements. All
unit prices are based on prices prevailing in October 1963.

4. Construction period.--The construction period for each of
the recommended improvements is shown in the following table:

., ""
:~::~;::·:·q~~i~~~~

Unit
years for

CO:lstruction

Adobe detention basin and diversion channel .
Cave Buttes detention basin '.' .
Cave Creek channel .
Union Hills diversion channel .
Dreamy Draw detention basin.•......•..•..................
Arizona Canal diversion channel and Dreamy Draw Channel ..
Skunk Creek channel..•...................•..............•
New River detention...•....•.........•...................
New River and Agua Fria River channelization.•...........

2
2
1
2
1
4
2
1
h

)

5. Maintenance and operat;on.--Average annual maintenance
charges for the recommended improvements are estimated at $228,000.
Maintenance would include periodic inspection of the work, removal
of debris, and repair of damage to the structures.

6. Rights-of-w~.--The site of the proposed improvements was
inspected in December 1962. The real-estate market concerned was
analyzed to make an appraisal of cost. The estimates for rights
of-Way reflect cost of acquisition.
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1. Estimated cost summary.--A summary of the estimated costs for
the units of the recommended plan is given in the following table:

Estimated first costs of improvements under the re~ommended plan, Phoenix,
Ariz., and vicinity (including New River) based on October 1963 prices

Unit of improvement Federal
first cost

Non-Federal :
first cost

Total
first cost

Total. • . • • • • • • • • • • . • • . . • . • • .: 59, 680,000

$4,650,000
6,750,000
1,900,000
8,500,000

460,000
900,000

15,600,000
7,460,000
3,380,000

21,200,000

10,800,000

$850,000
260,000

60,000
} .300,000

130,000
80,000

4;200,000
360,000
480,000

3,4oO,oqQ...

11)120,000

$3,800,000
6,490,000
1,840,000
1,200,000

330,000
820,OCC

11,400,000
7,100,000
2,900,000

channel :
Adobe detention basin and

Cave Buttes detentiun basin•••••• :
Cave Creek channel .•••••••••••.•• :
Union Hills diversion ch~~nel•••• :
Dreamy Draw detention basin•••••. :
Dreamy Draw channel .••••••••..••• :
Arizona Canal diversion ch~nnel.• :
Skunk Creek channel •.••••••.••••. :
New River det.e~ticn basi.n•.•••••. :
New and Ague. i'ria Rh"ers :

channel improveml?r.ts.... • .•••• :..1:L8oc,ooe

-----_._----- ---_._----=:....-_----

)
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Cost estimate for recommended Adobe detention basin and diversion channel, Phoenix, Ariz., and vicinity
(including New River)

Cost
acct.
No.

Description Unit Quantity Unit
price

Amount
Su'Ototal : Total

FEDERAL COSTS

: .

: .

: .

· .

·· .

· .
· .

..
Job .....•. : :

stone revetment•••••••••••••• :

Lump sum : $5,000
Cu. yd•••• : 40,000 : $0.40 : 16,000
Cu. yd•••• : 20,000 : 4.00 : 80,000
Cu. yd•••• : 60,000 : .40 : 24,000
Cu. yd•••• : 1,230,000: .60: 738,000
Cu. yd•••• : 50,000 : 5.00: 250,000

Filter••••••••••••••••••••••• : Cu. yd•••• : 140,000: 1.50: 210,000
Contingencies •...••.•••••••.. : : •..........• : .........•. : 207,000: •.•••••....•

Subtotal, main embankment •• : ••••••••••• : •••••.•••••• : ••••••••••• : 1,530,000

Clea:ring••••••••••••••.••••.• :
stripping :
Scaling, abutments ••••••••••• :
Excavation, trench••.•••••••·.:.
:E:rnbanlonent••••••••••••••••••• :

Dam:
Main embankment:

04.
.1

W
I

W

.2 Outlet works ••••••••••••••••••• :
. .. .

Job ..•• t •• : •••••••••••• : Lump sum 170,000 : ••••••••••.•.•

$1,730,000

: .· .2·.00
Lump sum

3,000
JO~ • •••••• : •••••••••••• :
Cu. yd•••• :

. . . . ....................................................................
spill,oi~ ••••

dam.Total,

Subtotal,

6,000
19,000

Contingencies .......•.•• · . • .. : : •.....•.. · .• : ...•.•....• : 5,000 : ..••••••.•••
• • • • • : . • . . • . . . . . • : •.•••••••.•• : .•....•.••• : 30, 000 : •.••.•••••.•

Auxiliary dam (spillway):
ExcavaticJn ..... '...••..••.•.•. :
Concrete sill .•••.•.••••••••• :

.5

Job", ••••• •': •••••••••••• :
09· Channel improvement:

Clearing and grubbing•••••••••• :
Excavation, channel•••• ~ ••••••• :
Excavation, toe •••••••••••••••• :

Cu. yd•••• :
Cu. yd•••• :

2,000,000
90,000

Lump sum
.45
•35

5,000 : ••••••••••••
900,000 : ••••••••••••

31,500 : ••••••••••••

...~~:J~r:>:··
:{..:~{:::::: ..>'

,;.;gn.
[;;' ~.
I': ~

·v.

mi
.~~
·J$i
~

,., 1:;

,~. ~
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Cost estimate for recommended Adobe detention basin and diversion channel, Phoenix, Ariz., and vicinity
(including New River)--Continued

. . 370,000
••••••••• : 180,000

. : .
· .........................

Unit : Quantity : Unit : Amount
price . Subtotal : Total

:
:

Cu. yd•.•• : 70,000 : $0.15 : $10,500 ·............
Cu. yd•••• : 40,000 : .40 : 16,000 : ••••••••••••
Cu. yd•••. : 310,000 : .20 : 62,000 : ............
Cu. yd•••• : 56,000 : 5·00 : 280,000 ·....... ,. ....
Cu. yd•••• : 15,000 : 1.50 : 22,500 ··............· . . 192,500 : •••.••••••••.....................................· . . . $1,520,000.................."...............................

Description

Filter..•...................... :
Contingencies •••••••••••••••••• :

Total, channel improvement ••• :

Engineering and design ••••••••••• : ••.••••••••
Supervision and administration ••• : ••••.

Channel improvement--Continued:
Backfill, toe •••••••••.••••••••
Stripping...•..................
EmbankInent ••••••••••••••••••••• :
Stone revetment •••••••••••••••• :

Cost
acct.
No.

30.
31.

09·

W
I
.f::'"

Total, project first cost to
the United States •••••••••• ; •••••••• .......... . . 3,800,000

NON-FEDERAL COSTS

Rights -of-way-••••••••.••.•••.•..• : •.......•.. ; ...•..•.•.•. ; .........•. 350,000, ...... , .....
Relocations:

utilities : " : : :
Highways an.d bridges .•..•••.... : .........•• : : .......•... :

10,000 : ••••••••••••
490,000 : ••••••••••••

Total, project first cost to
local interests : : : : . 850,000

TotaJ., project first cost : : : : : 4,650,000

",-,. -...J.

I·j
'f'.:' ~
';.;;.;z,.·,
!.t.'.
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Cost estimate for the recommended Cave Buttes detention basin, Phoenix, Ariz., and vicinity (including
New River)

Amount
~UDvOva~: Total

...
--:,..::"_-_-:.~-'--_"':..:.... - ..

Unit
priceQuantityUnitDescription

trost
acct.

No.

FEDERAL COST~

·• ••••••••••••

·• ••••••••••••
·· .

·• ••••••••••••

·· .·•••••••••••••

·• ••••••••••••

·· ' .
Dam:

: }'lain embankment:
Clearing and grubbing•••••••• : Job ••••••• : •••••••••••• : Lump Fum : ~;5, oeo
Diversion and control of : ••• do •••••• : •••••••••••• : ••• do •••••• : 15,000

water. ::::
Embankment fill •••••••••••••• : Cu. yd •••• : 1,715,000 : $0.60: 1,029,000
Scaling rock abutment •••••••• : Cu. yd•••• : l7,6rc: 7.50: 132,000
Excavation, trench••••••••••• : Cu. yd •••• : 32,000 : .40 : 12,800
Excavation, stripping •••••••• : Cu. yd •••• : 33,000 : .40 : 13,200
Stone revetment •••••••••••••• : Cu. yd •••• : 4e,800 : 5.00: 244,000
Gravel filter and toe drain •• : Cu. yd •••• : 111,400: 1.50: 167,100 : ••••••••••••
Access road•••••••••••••••.•• : Job ••••••. : •....•..•••• : Lump sum : 25,000 : ••.••••••••••
Contingencies •••••••••••••••• : ••••••••.•• : ..•••....... : .•...•...•. : 246 J 900 : ••••••.•••••

Subtotal, mC'in embankment •• : ••••••••••• : •••••••••••• : ••••••••••• : 1,890,000

04.
.1

w,
Vl

•2 .Outlet v10rks •..••••..•••....•••• Job : .............. Lump sum 280,000

····l'
",:

:--::~~
e

:1 :

ii' ~
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Cost estimate for the recommended C~ve Buttes detention basin
New River-J':~Continued

and vicinit

Cost
acct.
~TO.

Description Unit Quantity Unit
price

Amount
Subtotal: Total

Cu.
Cu.
Cu.

lJJ
I
0\

04•
•5

JQb ••••••• : t ••••••••••• :

yd •••• : 1,8fl(',000':
yd •••• : 9,800
yd•••• : 44,500

lump sum :'
:}o.60
7.50

.40

Imnp sum
.60

7.50
.40

Auxiliary dam (east dike):
Clearing and grubbing•••••••• : Job ••••••• : •••••••••••• :
Embankment fill •••••••••••••• : Cu. yd •••• : 1,155,000
Scaling rock abutment •••••••• : Cu. yd •••• : 11,600
Excavation (stripping and : Cu. yd•••• : 25,500

toe). ::' .
Stone revetment•••••••••••••• : Cu. yd•••• : 63,200: 5.00
Gra.vel fil. ter and toe drain •• : eu. ;yd •••• : 16, 000 : 1.50
Contingencie 5 •••••••••••••••• : : •••••••••••• : ••••••••••• : • - I -r y

fjubtotal, ea:=:t d.ike .......• : ..........• : .....•...... : : -~_--_

Auxiliary dam (spillway):
Excavation••••••••••••••••••• : Cu. yd •••• : 88,000
Concrete sill ..•..•..•....... : Job •...... : ...........• :

3.00
Lump sum

Contingencies •••••••••••••••• : ..•..•...•• : .•..•......• : ..•....•..• : ,
Subtotal, spill~Tay••••••••• : ••••••••••• : •••••••••••• : ••••••••••• :-- __ -- I

:-:-
I.·.·

\:
':"

'-......-'

'4i'
~
,~\

.'.
\,

.. ,'

J
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Cost estimate for the recommended Cave Buttes detention basin, Phoenix, Ariz., and vicinity (including
New River)--Continued

Cost
acct.

1\';0.
DeE'crirtion Unit Quantity Unit

price
Amount

Subtota.l~ :--Tot~al

Total, Dam : .. ~t5, 550,000. . .... .. .. .... .... .. .. .... .. .. .. .. .. .." ..

620,000
: .. .. .. .. .. .. .. .. .. .. .. :.. .. .. .. .. .. .. .. .. .. .. .. :.. .. .. .. .. .. .. .. .. .. .. : .. .. .. .. .. .. .. .. .. .. .. .. : 320, 000

. .· ..Engineerj.ng and design •••••••••••
Supervision and administrAtion •••

Dam--Continued:

30.
31.

04.

Total, project first cost : : : : :
to the United States .••.• :.••••...... : •••••••••.•• : ••••••••••• : ••.••••••••• : 6,490,000

UJ
I

--.:J NON-FEDERAL COSTS

Rights-of-way••••••••••••..•••••• ·· .. .... .. .. .. .. .. .. .. .. .. .. $260,000

_. _ _ . _____ . . _____ 260, 000

Total, project first cost •• : ••••••••••• : •••••••••••• : .•••••••••• : •••••••••••• : 6,750,000

l1h~I.:L
....!

~"\.

:~

i:' ~.

~
.,

. ,-

'~.;; .~
. ;
..~.-:



Cost estimate for the recommended Cave Creek channel, Phoenix, Ariz., and vicinity (including New River)

Cost
acct.
No.

Description Unit Quantity Unit
price

Amount
subtotal : -TOtal

FEDERAL COSTS

• ••••••••••

· .
· .' .

: .: .·· .

·· .

•••••••••••• : $1,560,000

Lb •••••••• :

Job •.••••• : •••.••.••.•. :
Cu. yd•••• :
Cu. yd•••• :
Cu. yd•••,.:
Bbl••••••• :Cement•••••••••.••••.•.••••..•• :,

Lump sum : $5,000
310,000 : $0.35: 108,500

5,900 : 12.00 : 70,800
25,600 : 15.00: 384,000
47,300 : 4.25: 201,025

2,500,000 : .11: 275,000
Lin. ft ••• : 20,000 : 4. 60 : 92,000

subdrainage system••••••••••••• : Lin. ft ••• : 19,000 : 12.00: 228,000
Contingenc.ies .••••••..••.•••.•. : ..•.•.••... : ....•..•.••• : •....••.•.. : 195,675; .

Total, .channel improvement ... : •.•..•.••.. : •.•••••..••. : ..•••••...• :

Clearing••••••••••••••.•••••••. :
Excavation••••••••••••••••••••• :
Concrete, invert•••••••••.••••• :
Concrete, walls •••••••••••••••• :

Reinforcing steel ...••••••••••• :
Paved beDms•••••••••••••••••••• :

Channel improvement:

.'

09·

UJ
f

(Xl

30 •.
31.

Engineering and d~sign••••••••••• : •••.••••••• : •••••••••••• : : •••••••••••• :
:, Supervision and administration.•. : .....• · .... : .....

o
••••••• : •••••• • ••••• : • • • • • • ••• • • •

190,000
90,000

Total, project first cost to
the United states •....••.•• : : : : : 1,840,000

utilities ...••••...•.....•..... : .........•. : : .........•. : . . . .. 8,000

.'NON-FEDERAL COSTS
:.

Rigb.ts -of-way'•••••••••••••••••••• : ••••••••••• : •••••••••••• : ••••••••••• :
Relocations:

52,000 ............
..............

_______. ___________. ____________. 60, 000
Total, project first cost to

local interests : : ! ~ ! ----...::...--
Total, project first cost : : : : ........•... : 1,900,000

v J

i
"
.....:

, l;

:"I~;:
. ..,"
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Cost estimate for the recommended Union Hills diversion channel, Phoenix, Ariz., and vicinity (including
~R~~

Cost :
acct.
No.

Description Unit Quantity Unit
price

Amount
subtotal: -Total

FEDERAL COSTS

$6,330,000

: .
· .

· .

·." .

· .

·· .
·· .· .

.............

Lump sum
$0.35

.20
15.00
12.00

4.25
.11

4.60

3,100,000
100,000
81,800
59,200

211,600
12,000,000

52,000Lin. ft ••• :
Lb :

Job ..•.•.. : :
Cu. yd•••• :
Cu. yd•••• :
Cu. yd...• :
Cu. yd•••• :
Bbl••••••• :

$10,000
1,085,000

20,000
1, 227,000

710,400
899,300

1,320,000
239,200

Contingencies ....•............. : : : : 819,100: If

Total, channel improvement : ". : : :

Clearing..•.................... :
Excavation .•.•••.••••••.••.•••• :
Compacted fill ••••••••••••••••• :
Concrete, walls •••••••••••••••• :
Concrete, slab ••••••••••••.•••• :
Ce.ment ••••••••••••••••••••••••• :
Reinforcing steel; ••••••••••••• :
Paved benn••••••••••••••••••••. :

Channel improvement:09.

tAl
I

\0

500,000
370,000

Engineering and design....•......• : .........•. : ..•......... : : ..........•• :
Supervision and administration ••• : •.••••••••• : •..•..••..•• • ••...•.•.•• · ••.....••••• ~

--....;:;;.;......:..--

30.
31.

Total, project first cost to :
the United states •.....•... : : : ~ : 7,200,000

: .
. ~. ?

' .•.':._ ...--.-.. __< • :~..-c.l ,

\1~·····
" ':..

~~o(;,,:... ~~: ~... t ~
:,'.

, .~-..
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Cost estimate for the recommended Union Hills diversion channel, Phoenix, Ariz., and vicinity including
New River --Continued

Cost
acct.

No.
Description Unit Quantity Unit

price
Amount

SUo-totaI: Total

NON-FEDERAL COSTS

Rights-of-way..•....•............ : : : : $860,000 : •••••••••••

............utilities : : : : 10,000
IIighway-s and bridges •.••••.•••. : .....•..... : : ..........• : 430, 000 ..•.•...•..•

Relocations:

W
I
I-'o

Total, project first cost to
local interests •....•...... : : : : : $1, 3001000

Total) project first cost : : : : : 8,500,000

\..J J

f:':":~: .'

.(~.~::"~:~.:._.

:; ,"
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Cost estimate for the recommended Dreamy Draw detention basin, Phoenix, Ariz., and vicinity (including
New River)

Cost
acct.
No.

Description Unit Quantity Unit
price

Amount
subtotal : TotaI

FEDERAL COSTS

· .
· .

· .
· .
· .

· .·· .Lump sum
$0.60
7.50

•40
5.00
4.50

114,000
1,000
7,500
6,800
5,600

yd•••• :
yd•••• :
yd•••• :
yd•••• :
yd•••• :

Job ...•... : ..•......... :
Cu.
Cu.
Cu.
Cu.
Cu.

SCaJ.1Dg•••••••••••••••••••••• :

stone :

$4,000
68,400
7,500
3,000

34,000
25,200

Contingencies ••....•..•...... :•.•.•.•••... : .....•...... : ..•........ : . . .. 27,900
Subtotal, main embankment .• : •........•• : .....•. ~ .... : ..•....•... : 170,000: •..••..•....

Excavation••••••••••••••••••• :

Filter material•••••••••••••• :

:Em.banklnent••••••••••••••••••• :

Dam:
Main embankment:

Clearing and grubbing•••••••• :

04.
.1

W
I
I-'
I-'

.3 outlet wc.rks ...........•.••.... : Job .••.... : : Lump sum 20,000 : ••••••••••••

.5 Auxiliary d~l (dike): : : : :
Collecting levee ••••••••••••• : ••• do •••••• : ••••.•••..•• : ••• do •••••• : 10,000 : ••••••••••••

: .·· .AUXiliary dam (spillway) :
Excavation ••••••••••••••••••• : Cu. yd•••• : 42,000 : 1.00 : 42,000
Concrete . •••••••••••••••••••• : Job ••••••• : .•••••••••••• : Lump sum : 10,000
Contingencies : ..•..•..... : : ..••....... : 8,000 : ••••••••••••

subtotal, spillway : : ........•... : : 60,000 : ......•....•

Total, dazn•.•.•••.••.•.•..• : ..........• : ......•.•... : •.•.•....•. : •.......•... : $260,000

'.%,~{.:'.
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Cost estimate for the recommended Dreamy Draw detention basin, Phoenix, Ariz., and vicinity (including
New River)--Continued

Cost
acct.
No.

Description Unit Quantity Unit
price

Amount
subtotaI : Total

30.
31.

$55,000
............ - - - . __ . 15,000

Total, project first cost
to the United states : : : : : 330,000

w
"I-'ro

NON-FEDERAL COSTS

Rights-of-way~ ••.••••.••.••.•...• : ....•...... : •..•..•.•.•. : •..•.•..•.. : $l3C),OOO; ••••..••.•..

Total, project first cost
to local interests : : .. 0' • • ••••••• : ••••••••••• : •••••••••••• : 139,000..

Total, project first cost .. : : : : :
.... :

460,000

.:'!"
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Cost estimate for recommended Arizona Canal diversion channel, Phoenix, Ariz., and vicinity (inclUding
New River'

Cost
acct.
No.

Description Unit Quantity Unit
price

Amount
subtotal : Total

FEDERAL COSTS

.

· .· .

· .

· .· .
· .· .

12.00 :ft ••• :

yd•••• :
yd.••• :

yd•••• :

yd•••. :
yd•••• :
yd•••• :

yd•••• :

Bbl.•.•.•• :

Lin.

Job.•..... : ....•....... :

Lb •••••••• :

Cu.
Cu.
Cu.
Cu.
Cu.
Cu.
Cu.

toe ...•.............. :

side slopes ••••••.••• :
invert , .. " :

walls " ":

$35,000
3,420,000

145,600
24,600
42,000

211,500
195,000
318,000 : ••••••••••••
345,100 : ••••••••••••
498, 300 : ••••••••••••

2,233,700 : ••••• ~.~ ••••
744,000 : ••••••••••••
45,600 : " .
18,600 : .....•. "...•

280,000 : ••••••••••••
25,000 : ••••••••••••
91,200 : ••••••••••••

Contingencies •... "•...........• : ......•.•.. : : . "" : 1, 326,800 : .
Total, channel improvement••• : ••••••••••• : ••••••••.••• : ••••••••••• : •••••••••••• : -$10,'000,000

Subdrain system•••••••••••••••• :

Filter. " " :

CeJllent •••••• "••••••••• "•••••••• :

Grouting revetment••••••••••••• :

Embanlonent •• "••••••••••••• "•••• :
Backfill,
Concrete,
Concrete,
Concrete,

Lump sum
7,600,000 : $0.45

416,000 : .35
123,000 : .20
280,000 : .15

9,400 : 22.50
13,000 : 15.00
26,500 : 12.00
81,200 : 4.25

4,530,000 : .11
Cu. yd•••• : 319,100: 7.00
Cu. yd•••• : 124,000: 6.00
Cu. yd•••• : 3,800 : 12.00

Fencing•••••••••••••••••••••••• : Lin. ft ••• : 18,600 : 1.00
Paving••••••••••••••••••••••••• : Job ••• " ••• : •••••••••••• : Lump sum
Side drains ..•...••.•......•... : do ....•. : : ..• do...•.. :

7,600

Reinforcing steel•••••••••••••• :
Stone protection••••••••••••••• :

Clearing.........•. " " :
Excavation, channel •••••••••••• :
Excavation, toe •••••••••••••••• :

Channel improvement;.09.

W
I....

W

30.
31.

840,0~o

. . . - . - - - - - - - - _- __ . 560, 000

Total, project first cost to
the United states .....•.... : ........•.. : : : : 11,400,000

.cy
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Cost estimate for recommended Arizona Canal diversion channe~, Phoenix, Ariz., and vicinity (including
New River)--Continued

Cost
acct.
No.

Description Unit Quantity Unit
price

.Amount
subtotal : -Total

NON-FEDERAL COSTS

· " " " " " " " " " " " "

··" " " " " " " " " " " "

20,000
"" " . " ... " ... " " . "" " " " "" .. 810,000: "• """". """""Highways and bridges •••••••••• _: ••.•••••••..: .

utilities" """"""""""""""".. """"": """"""""""": """""""""""": """". """"• ":

Rights-ot-way....•.••........... ":""""""""""":"""""""""""":"""""",,,,,,.,,: $3,370,000
Relocations:W

I
i-'
-I:""

..
Total, project first cost to

locaJ. interests.. "•. "."."""":."""""""",,,,:. o' " " • ".' ••••• : • " " ••• " •••• : •••• " ••••••• : $4,200,000

Total, project first cost ": "" : " ".: "" :." .. ".. ".. ,,.: 15,600,000

¥~.;if:::::·
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Amount

subtotal : -Total

Unit
price

QuantityUnitDescription

Cost estimate for the recommended Dreamy Dra'.l channel} Phoenix, Ariz., and vicinity (including New River)

Cost ..
acct.
No.

FEDERAL COSTS

Channel improvement:
Lump sum

$0.45
.20

22·50
12.00
4.25

.11
4.60

12.00ft ••• :
ft ••. :Lin.

Lin.

Job ....••. : .......•.... :
80,000
37,000
6,200
3,800

16,000
1,000,000

10,500
10,500

Cu. yd•••• :
Cu. yd•••• :
Cu. yd•••• :
Cu. yd•••• :
Bbl..•••.• :
Lb •••••••• :

$5,000 : .
,36,000 : ..
7,400 : ..

139,500 : ••••••••••••
45.600 : ..
68,000 : ..

110,000 : ••••••••••••
48 J 300 : ..

126,000 : ••.•••••••••
Contingencies ~ : : : : 84,200 : ......•...•.

Total, channel improvement .. -.: : : : : $670,000

Subdrainage system••••••••••••• :

Clearing :
Excavation•••.•..•••••.•..••••• :
Compacted backfill••••••••••••• :
Concrete, walls •••••••••••••••• :
Concrete, invert••••••••••••••• :
Cement :
Reinforcing steel•••••••••••••• :
Paved benms •••••••••••.•••••••• :

09·

W
I
I-'
V1

110,000
_. _ __. . _.. . 40,000

Engineering Blld design ..•..•.•..• : : ......•..... : ........•.. : ........•... :
SUpervision and administration••• : ••••••••••• : ••.••....... ~ ...•....•.. ~ ..•... - . - ....

----~-

30.
31.

Total, project first cost to
the United states ...•...... : : : : : 820,000

.f~~+?·· ~ .j;
;::.:';. I~!: ;::

.~ ;

1·~

.~;

~:,
A

(');,



Cost estimate for- the recommended Dreamy Drav] channel, Phoenix, Ariz.) and vicinity (including Neil River)
.. --Continued

cost
acct.

No.
Description

NON-FEDERAL COSTS

Unit Quantity Unit
price

Amount
subtotal :. -- TotaI .

VJ
I,...
0\

Rights-of-way•.• .', ... . '0' ••••••••• : ••••••••••• : •••••••••••• : ••••••••••• :

Relocations:
utilities .•..•.•...0 •••••••••••• : ••••••••••• : •••••••••••• : ••••••••••• :

Highways and bridges •.••••.•••• : •.••....... : ..•....••.•• : .•.....•..• • :

$15,000 : ••••••••••••

30,000 ; ••••••••••••
35,000 : ••••••••••••

Total, project first cost to
local interests : : : : :

Total, project first cost : : : : .. -•.. ' :

$80,000

900,000

rt~;

\.....-I.
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Cost estimate for the recommended Skunk Creek channel, phoenix, Ariz" and vicinity (including New River)

Cost
acct.
No.

Description

FEDERAL COSTS

Unit Quantity Unit
price

"·

Amount
subtotal : Tot61

°9· · Channel improvement: : : : ·, ·Clearing.............•.•.•.•..• : Job ..•.... : ....•....•.. : Lump sum : $10,000 .............
Excavation.•••.••.••••..•..••.. : Cu. yd. , •• : 1,700,000 , $0.35 · 595,000· · ·...........
compacted fill ................. : Cu. yd•••• : 700,000 : .20 , 140,000 ·· ·...........
Concrete, walls .•.............. : Cu. yd•••• : 73,800 : 15.00 : 1,107,000 ·...........

· Concrete, slab ................. : Cu. yd•••• : 63,000 : 12.00 · 756,000 : ...........
VJ · ,

I · CemeDt••••••••••••••••••••••••• : Bbl••••••• : 219,200 : 4.25 · 931,600~... , · ·...........
-.;j · Reinforcing steel••••••••.••••• : Lb •••••••• : 11,600,000 : .10 , 1,160,000 : ...........·stone ....•................•.... : Cu. yd•••• : 54,000 : 7.00 , 37ti,000 : ...........·Grout••.•.•••..•.•••••••••••.•. : Cu. yd•••• : 7,000 : 12.00 · 84,000 : ...........·Filter CJ •••••••••••••••••••••••• : Cu. yd•••• : 15,000 : 6.00 · 90,000 ·...........·Paved berms •••••••••••••••••••• : Lin. ft •• : 34,000 · 4.60 , 156,400 : ...........· ·Contingencies .•.•..••. '.tiI til •••••• : ••••••••••• : •••••••••••• : til til ••••••••• : 792,000 : ...........

: Total, channel improvement ..• : ......•••.• : : .•..•...... : : $6,200J OOO

30.
31.

Engineering and design••••..••••. : ..•........ : •.••.•..... ,,: til •••• : •••••••••••• : 540,000
: Supervision and administration••• : •••••...••• : ••••...••••• : •.••••••••• : •.•••••••••• : 360,000

<~,~~~~,;,}::~.:.
~~':f;i;;
f/; ..
:..:..

Total, project first cost to
the United states., ••.••... : : ft •• : ••••••••••• : •••••••••••• :

~l
<:~~?

7,100,000



Cost estimate for the recommended Skunk Creek' channel, Phoenix, Ariz., and vicinity (including New Riirei-)
--Continued

Cost
acct.
No. :

Desc:dpiion

NON~FEDERAL COSTS

Unit Quantity Unit
price

AmOUIlt

Subtotal : ---Tatar

w,
....
(»

R1gb.ts.-of-way••••..•..•.•.•••...• : ..••.•..... : .•..•....•.. : ..•...•...• :
Relocations:

utilities ..•... ~ ; ; ....•...•.... : : .......•.... : :
: Higb.ways and bridges •.•••••.•.. : ••••....... : ...•..•.••.• : ....•..•.•. :

$83,000 : ••••••••••••

7,000 : •••.••.•...•
270,000 : ••••••••••••

Total, project first cost : : : : o•••••• :

Total, project first cost to
local interests .........•.. : : .........•.. : : .....•...... : $36e>, 000

.7, 46c>,000

". ~ }.'. '..
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Cost estimate for the recommended New River detention basin, Phoenix, Ariz., and vicinity (including
New River'

Cost
acct.
No.

Description

FEDERAL COSTS

Unit Quantity Unit
price

Amount
Subtotal : -Total

04.
.1

Darn:
f.1ain embankment:

Clearing and grubbing •••••••• : Job •••.••• : •••••••••••• : Lump sum
Diversion and control of : ••• do •••••• : •••••••••••• : ••• do •••••• :

"Ylater.
Embankment•••.••..•.•..•..... : Cu. yd •••. , : 1,210,000 : $0.60
Scaling rock, abutment ••••••• : Cu. yd•••• : 22,000 : 7.50
Excavation, inspection : Cu. yd•••• : 28,000 : .40

trench.
',.Al Excavation, stripping•••••••• : Cu. yd•••• : 32,000 : .40I :
I-' . Stone revetment•••••••••••••• : Cu. yd•••• : 50,000 : 5·00\0 .

Gravel, filter and tee : Cu. yd•••• : 125,000 : 1.50
drain •

•3 : outlet worlts •..•.•....•..•..... : Job .•.•... : .....•..•... : Lump SUDl

.5

~~;

Auxiliary dam (saddle dike):
Embankment••••••••• ,•••••••••• : Cu. yd•••• : 68,000 : .60
Stone revetment•••••••••••••• : Cu. yd•••• : 15,000 : 5.00
Gravel, filter and drain : Cu. yd•••• : 12,000 : 1.50
Contingencies .•.. , •••........ : : : :

Subtotal, saddle dike : : : :--- ,

,:~~. ;.' 'j;
";:{. (

"
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Cost estimate for the recommended New River detention basin, Phoenix, Ariz., and vicinity (including
New River)--Continued

Cost · · · · Unit · Amountacct. · Description : Unit : Quantity : ·· price ·No. 0 · · · : Subtotal : Total0 0 · ·
0 · : · · ·0 · · · ·04 •. : Dam--Continued:

·5 0 Auxiliary dam (spillway):· Excavat1on.. ".... ".... "............ : Cu. yd... : 150,000 : $1.00 : $150,000 : .•
Concrete sill ..•. "" .. "........ : Job ..... I : •••••••••• : Lump sum : 110,000 :.
Contingencies ................. : .. "........ : .......... : .......... : 40,000 :.

Subtotal, spillway.......... : .......... : .......... : .......... :_ 300 ,0.22.-

LA.> · Total, dam.......•....•..... : .......... : ........... : .......... : ................ : $2,260,000
I
I\)

08. Access road...................................... : Job ........... : ...... "".. ".. ".. : Lump 180,0000 0 sum · .0 " ...... " ....... " .. "
30. : Engineering and design .. "........ "".. "": ...... "...... "": ... "..... "...... : . ". "......... ": "...... "". "... : 340,000
31. 0 Supervision and administration ... ".. : ...... "" ... """: I ...... " ......... : .................. : .... " " ............ : 120,0000

Total, project first cost
to the United states ........ "": .. "... "". ".... : .... ""........ ".. : .. "... , .... """: .... "........ : 2,900,000

0· NON-FEDERAL COST
0 · · ·· · · ·Rights-of-way ................................ : .............. : .............. : ............. : 480,000 ·..................
0 · · :· · ·Total, project first cost

to local interests ........... : ................ : ................ : ............. : ................ : 480,000

Total, project first cost ...... : .................... : ................ : ...... ,' ........ : .............. : 3,380,000

\..../J
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Cost estimate for recommended New River and Agua Fria River channelization, Phoenix, Ariz., and vicinity
(including New River)

Cost
acct.
No.

Description Unit Quantity Unit
price

Amount
suototaI : Total

FEDERAL COSTS

02.
.2

:
Relocations:

Railroad bridge •• , ••••••••••••• : Job ••••••• : •.•.••••.••• : Lump ~um :_$190, 000 :
TotaJ., relocations ....•...... : : : : : $190,000

Channel improvement:
Lwnp sum

$0.35
.40
.15
.20

7.00
6.00

12.00
4.25

Lump sum

.........
22,900,000

800,000
845,000
250,000
460,000
135,000
60,000

120,000

yd•••• :
yd •••• :
yd•••• :
yd•••• :

Job ..•.... : .........•.. :

Job •...... : ....
Cu.
Cu.
Cu.
Cu.
Cu. yd•.•• :
Cu. yd•.•• :
Cu. yd•••• :
Bbl ••••••• ;

35) 000 ; •....•..•.••
8,015,000 : ••••••••••••

320,000 : ••••••.•••••
126,750 : III •••••

50,000 : .
3, 220,000 : •••••••••••.

810,000 : ••••••••••••
720,000 : .•••••••••••
510,000 : ••••••••••••
20,000 : ••••••••••••

Contingencies ..•.••............ : ..........• : : ...•....... : 1) 953, 250 : ..•..•......
TotaJ., channel iJnprovement : ...•....... : : : ...........• : 15,780, 000

Side drains :

Filter " :

Cement ••••••••••••••••••••••••• :

Backfill ..••..•..••••••.••.•••• :

Gl"'out•••••••••••••••.••••••.••• :

Stone revetment••••••.••••••••• :

Cle aring...•..•................ :
Excavation, channel•••••••••••• :
Excavation, toe •••••••••••••••• :

EtnbankInent ••••••••••••••••••••• :

09·

W
I

I\)
f-'

30.
31.

900,000
. - - - . - - - . . . - - - - - . - - . - - . - - - . - - - - . - - . . 930, 000

Total, project first cost to
the United states•......... : 0 • : •••••• '0 •••• ; •••••••••••• : 17,800,000

:~~i
'ji
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Cost estimate for recommended New River and Agua Fria River channelization, Phoenix, Ariz., and vicinity
(including New River)--Continued. . .'

Cost
acct.
No.

Description Unit Quantity Unit
price

Amount
subtotaJ. : -~Total

NON-FF.DERAL COSTS

: ..' ..... "" ...
· " " " " " " ." " " , .

$1, "(00, 000

utilities."""""" It •••• "".""""",,":" t .• """"" •• ":." •••• """ •• ":""""."",,,,.,,: 700,000
Highv1ays and bridges" """• ".• ".. : """"""""""": """""• ".•... : c " • " " • " •• " " : 1,000,000: ".. """"". ". "

R1ghts ... of-w"ay••••••••••• " ••.•• " •• : ••••••.•.•• : ••••.••••••• : ••••••• " ." •.
Relocations:

W
I

l'\)
I':>

Total, project first cost to
locaJ.. interests" .. ""•• "• ". ": ". ".. ". "".. : .. """.. ".. "": " ".. ": "". ".. """ :

··Total, project first cost .. ".:."""""""""":.""" .. ".. ".. :." .. "." .. ".:."" .. "."",,.,,:

$3, '-i{)o, 000

21,200,000

'...........,. '"-../
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APPENDIX h. - BENEFITS FROM FLOOD CONTROL

PHOENIX, ARIZ., AND VICINITY (INCLUDING N»l RIVER)
GILA RIVER BASIN, ARIZ. AND N. 14EX.

CONTENTS

Scope .
Flood frequencies .
Present and future value of property in the overflow areas •.•

Cave Creek overflow area..........•....••..••••••••
Skunk Creek-New River-Agua Fria River overflow

~
4-1
4-1
4-2
4-3

0: \
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" ... .; ....

area. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4- 5
Damages from future floods................................... 4- 5
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BEllEFITS FROM FLOOD CONTROL

PHOENIX, ARIZ., AND VICINITY (INCLUDING NEH RIVER)
GILA RIVER BASnf, ARIZ. AND N. MEX.

SCOPE

1. This appendix presents supplemental material on the determina
tion of flood frequencies and the evaluation of flood-control benefits
from construction of the recommended plan for Phoenix, Ariz., and
vicinity (including New River).

FLOOD FREQUENCIES
.

2. Two stream-gaging stations exist in the area under considera
tion. Both of these were recently established - one in 1957 on Cave
Creek about 1/2 mile upstream from the Arizona Canal and the other
in 1960 on the New River at the Black Canyon Highway. No floods have
occurred since establishment of these gaging stations.

3. Large floods are known to have occurred along Cave Creek in
February 1905 and August 1921; small to medium floods in September 1916,
November 1919, January 1922, and August 1943; and minor floods in 1935,
1949, 1951, 1956, and 1957. However, no reliable estimate of discharge
is available for any of the floods.

4. A discharge-frequency relationship was therefore developed
fo~ Cave Creek on the basis of (a) correlation with the discharge
frequency curve for Queen Creek at "Hhitlow Ranch Reservoir and (:!2) a
generalized analysis of the floods of record in the area.

,'.

.J

5. A discharge-frequency curve has been developed for Queen Creek
at· Whitlow Ranch Reservoir. This curve is given in the previously
completed report on Indian Bend \<lash, Arizona, dated April 15, 1962, ana s;:.~"

reproduced on plate 1 of this appendix.

6. Analysis of the past floods of record indicates that flows
equaling or exceeding the capacity of the Arizona Canal (600 c.f.s.)
occur about every other year. Since establishment of" the gage on
Cave Creek, recorded flows approximating the capacity of the Arizona
Canal occurred as follows: September 1958, 573 cubic feet per second;
August 1959, 540 cubic feet per second; and December 1960, 557 cubic
feet per seco~d.

7. Further analysis of the floods of record and their relative
magnitude indicates that six floods, the floods of 1905, 1916, 1919,
1921, 1922, and 1943, exceeded a discharge of about 6,000 cubic feet
per second. Applying Beard's table of plotting positions, as indicated

4-1
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in EM 1110-2-1450 and considering that the period of record extends
from 1905 to 1962 (a period of 58 years), the indicated plotting
position fo~ a flood of 6,000 cubic feet per second is 9.8 times in
100 years.

8. It is estimated that the uncontrolled standard project
flood for C~ve Creek at Arizona Canal (65,000 c.f.s.) would have
the same frequency of occurrence as a standard project flood for
Queen Creek at Whitlow Ranch Reservoir (110,000 c.f.s.).

9· A 1ischarge-frequency curve was then drawn for Cave Creek
at Arizona Canal using the three points indicated above as guides.
A comparison with the Queen Creek C'l,.rve indicates that it has a
steeper slope than that curve. Considering the history of floods
in the area, this appears to be reasonable. In addition, results
using this c:..\rve are more conservative than assuming that the Cave
Creek curve is parallel to the Queen Creek curve. The frequency
curve for t~e New River at U.S. Highway 60 bridge was then drawn
parallel to the Cave Cree~~ c'irve, '--'sing the standard-project-flood
estimatesc.s a basis for comparison of the t,-;o curves:

PRESEIiT AND FUTURE VALUE OF PROPERTY IN THE OVERFLOH AREAS

10. 'I\;o estimates 'Here made for property values in each over
flow area; ~he first based on present (1963) development and the
second on t:::e average future development over the next 100 years.
Estimates of the 1963 vah,es of improvemH.ts subject to flood
damage were ~ade by use of (a) assessed valuations of the county
assessor ad>sted to mar.i:.et ~alue of the property, (b) valuation
data supplied by local interests, and's;) field inspections and
appraisals of the ?resent development in the overflow areas.

11. Estimates of average future values ~ere made principally
by considering population, residential, b1;siness, and industrial
trends in t~e overflow areas considered. Consideration was also
given to the increase in per capita income and level of living over
the future and to the availability of space for future expansion.

12. The population grm"th forecast for the overflow areas is
based on data and estimates supplied by the Maricopa County Planning
and Zoning Commission and the city of Phoenix and by private
interests. Table 1 and plate 4 summarize the actual and estimated
population growth during the period 1920 to 2013 for Maricopa
County, the city of Phoenix, and the overflow areas considered in
this report for Phoenix, Ariz.; and vicinity (including New River).
Records of population of the overflow areas prior to l~~O are not
available. For purposes of this report, population projections
were only made to 2013 - 50 years from the present date.
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Ta.b1e 1

SUIIlt'laI'Y of popt~a.tion data for Maricopa. County, the State of Arizona.!.
and the overflow areas under consideration, Phoenix, Ariz., and
vicinity (including New River) Gila River basin, Ariz. and N. Mex.

Population

Overflow areas

Year Maricopa
County

City of
Phoenix

Cave Creek
Skunk Creek,

Nev1 River,
Agua Fria River

: : .
: : .: : .

2,500
.6,000
20,000
36,000

91,000
188,000
20l,000
201,000

: .. ~ : .29,000
65,000

107,000
439,000
500,000

1,220,000
3,000,000
5,000,000

90,,000
l86,000
332 ,000
664,000
800,000

2,000,000
5,100,000 :.
8,800,000

192°.·· :
194o ... :
1950.•• :
1960••• :
1963 .•• :
1980•.. : ,
2000 ••. :
2013· .. :

Note. Bases for data as. follows: 1920, 1940, 1950, and 1960 - u. S •
Census; 1963 through 2013 - (a.) county - based on 7alley Naticnal..:>..l ••

Bank projections, (b) overfl::>wareas - estimate by U.S. Army Engineer
District, Los Angeles.

13. Pertinent information on the es"timated growth in the two
overflow areas lmder detailed coosideration in this report is given
in the following subparagraphs.

(a) Cave Creek overfJ.ow area.--Popu1.ation iu, the Ca.ve Creek over
flow area is estimat.ed to increase by 125 percent over the next 50-year
period, as compared to an estima:ted increase of 900 percent for the
city of Phoenix. A more conservative estimate lvas used for the CaVe
Creek area because of the greater density of development that now
exists in the Cave Creek area, as compared to the density of develop
ment for the entire Phoenix area. An analysis of the space require
ments for the forecasted grol-Tth indicates that there is sufficient
vacant land available to accommodate the growth. In addition, a
reduction in agricu.ltural acreage will occur.

(~) Valuations of residential, commercial, public, u·tili'ty, and
highway properties will generally follow the population growth.
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Industrial property values, however, will increase in ~;"p.e with fore
casts made by \vestern Business Cons~tants, Inc., as given in the
mJ3.i.n. report under "the- heading "Occupations and Industries.1I These
forecasts indicate an increase of industrial development of about
85 percent in the 22-yearperiod from 1958 to 1980 and continued
growth beyond that date. Ra.:Uroad property valuea will increase to
reflect the servicing of new industrial plants. The values of agri
c~tural property end of irrigated land will decrease in the fut~e,

reflecting the displacement of agricultural land to urban uses.

(c) In addition to the increase in physical properties to be
located in the overflow area over the next lOO-year period, it is
recognized that the gross national product per capita and the per
capita income have been increasing steadily. .All forecasts of the
national economy indicate that these per capita values will continue
to increase. In the past, per capita income increases in the Phoenix
area have exceeded national rates by a substantial amount. For pur
pose of this report, it was assumed that the per capita income in the
Phoenix area would increase at a rate of 1.5 percent, compounded
annually.l which is approximetely the rate forecast for the United States
as a whole.

(d) The values of average future developments were discounted
to present-worth amounts by methods established in EM l120-2-ll8,
appendix II.

(e) The results of this analysis indicate ~hat, over the next
lOO-year period, the average value of property within the Cave Creek
overflow area wiLl be about 120 percent greater than the value of
present development.
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(!) Skunk Creek-New River-Agua Fria River overflow area.--Popula
tion growth in the Phoenix metropolitan area will have a major impact
on the economy of the Skunk Creek-New River-Agua Fria River overflow
area. As indicated in the main report under "Type and Val'-le of Prcperty
in the Overflow Areas," expansion of the Phoenix urban area to this
overflow area will occur within about 5 years. Because the density
of development along Skunk Creek, the New River, and the Agua Fria
Fria River is very low, as compared to the Phoenix metropolitan area,
future growth rates for this area ~ill exceed growth rates for the
city of Phoenix. An increase of 1,100 percent over the next 50 years
was estimated for the Skunk Creek-New River-Agua Fria River area as
compared to a forecasted increase of 900 percent for the city of
Phoenix.

(g) Property values for the Skunk Creek-New River-Agua Fria
River overflow area would generally follow population growth. Residen
tial development would take place to house the forecasted increase in
population. Industrial development, which is minor at the present
time, would increase in magnitude until it '.rould compare equallY, on
a percentage basis, with industrial development in the Cave Creek areR.
Agricultural -values ,...111 decrease, reflecting the displacement of such
land to urban uses.

(~) Per capita income increases and present-worth factors were
applied to values in the Skunk Creek-New River-Agua ~ria River area
similar to the application of such factors to values in the Cave Creek
area. The results of this analysis indicate that over the next 100-year
period the average value of property ",ithin the Skunk Creek-Ne"l Riv~:i.

Agua Fria River overflow area '-Till be about 10 times the value of
presen-c development.

(!) A swr.mary of average future values is given in the main
report under the paragraph heading "Type and Value of Property in
the Overflow Areas."

DAMAGES :rnCM FUTURE FLOODS

14. A summary of estimates of damage that 1-,ould result from
future floods of various magnitudes in the overflow areas of Cave
Creek, Skunk Creek, the New River, and the Agua Fria River is given
in the main report. Curves showing the relationship between peak
discharges in cubic feet per second and total da.Il".age in d.ollars under
average future conditions is shown on plates 2 and 3. The discharge
damage curves were combined with the proper discharge-frequency curve
shown on plate 1 to obtain the damage-frequency curves also shown on
plates 2 and 3. The area under the damage-frequency curves represents
the estimated average annual damage for the area.
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APPENDIX 5 - COMMENTS OF 0'mER AGENCIES

PHOENIX, ARIZ., AND VICINITY (INCLUDING NEW RIVER)
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SCOPE

This appendix includes the comments or Federal and
State agencies on this report. Where pertinent, replies
of the U.S. Army Engineer District, Los Angeles, are
included.
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UNITED STATES

DEPARTMENT OF THE INTERIOR
BUREAU OF INDIAN AFFAIRS

Phoenix Area Office
P. o. Box 7007

Phoenix 11, Arizona

IN REPLY REFER TO:

Land Operations

)
Your Reference:
SPLGP-F

District Engineer
U. S. Army Engineer District, Los Angeles
P. O. Box 17277, Foy Station
Los Angeles, California 90017

Dear Sir:

This office has reviewed your Interim Report on Survey for
Flood Control, Phoeax, Arizona, and vicinity.

The proposed works will have little or no direct effect on
Indian lands. However, the over- all benefits of the project
will enhance the economic well being of the entire area
including adjacent Indian land. We therefore endorse the
proposed project without qualification.

The opportunity to review the report is appreciated.

Sincerely yours,
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IN REPLY REFER TO:

UNITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF LAND MANAGEMENT

Pacific Southwest Field Representative
401 Boston Building

Salt Lake City, Utah 84111

December 16, 1963

Colonel Earl C. Peacock
District Engineer, Corps of Engineers
Army Engineer District, Los Angeles
751 South Figue roa Street
Los Angeles, California 90017

Dear Sir:

The following comments are submitted in response to your request of
November 18 (SPLGP-F), on the proposed interim report for flood
control, Phoeni", Arizona, and vicinity.

Generally, the proposed program will not seriously affect the manage
ment programs of the Bureau of Land Management for the public lands
in the area. While a good part of the watershed involved in the program
is public domain, most of the construction involves downstream struc
tures in the immediate vicinity of Phoenix, where BLM administers
little, if any, lands. A portion of the dams and channels will be located
on public land. Some mining claims may also be involved. For exam
ple, a 40-acre tract near the airport is leased for a sand and gravel
operation; however, no serious problems are anticipated.

Some public lands may be involved at the New River, Cave Buttes,
Dreamy Draw, and Adobe structure sites and other small amounts
may be located along the New River channel. A status check has been
made to determine this. Apparently no application for withdrawal or
right-of-way has been filed for the projects. So far as range programs
are concerned, the proposed structures will have little or no affect on
BLM operations. As we have no intensive range management or con
servation programs contemplted for BLM lands in this vicinity, we can
foresee no conflicts with current grazing activities.

It is possible that our land disposition programs may be affected indir
ectly where public lands may be in demand or devoted to such uses as
homesites, recreation, etc., and access to them is removed by the

5-.2
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const.ruction of the channels and dikes. Our present planning has not
progressed to the point where we can pinpoint this occurring.

Also, in view of our need in this area to expand wildlife habitat and
our cooperative ventures with the Arizona State game and fish depart
ment, it is our feeling that where it is at all legally possible, dead
water storage should be retained for the benefit of game birds.

Sincerely,

.) r, r-~-
~.I ""

Virgil ,... Heath
Representative, Pacific Southwest

Field Committee
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u.s. ARMY ENGINEER DISTRICT, LOS ANGELES
CORPS OF ENGINEERS

751 South Figueroa Street
Los Angeles 17, California

.~~ " .

SPLGP-F

Mr. Virgil T. Heath
Pacific Southwest Field Representative
Bureau of Land Management
U.S. Department of the Interior
401 Boston Building
Salt Lake City, Utah 84111

Dear Mr. Heath:

30 December 1963

Reference is made to your letter of comment of 16 December 1963
regarding our proposed interim report for flood control, Phoenix,
Arizona, and vicinity (including New River).

Your comment is not.ed regarding the effect of the proposed project
on your land disposition programs, and that access to those lands may
be removed by construction of the project. If the recommended plan of
improvement is authorized, you will. be informed, during the detailed
design studies, of the definite location of those improvements. At
that time, the problems of access to public lands and withdrawal of
such lands will be resolved.

You also comment on the need to expand wildlife habitat and the
retention of dead-water storage for the benefit of game birds. We
agree as to the desirability of incorporating such features into the
plan of improvement, if such features can be justified. More detailed
studies will be given to enhancement of wildlife habitat in the
definite project studies after authorization of the project.

Sincerely yours,

/s/ A. R. MARSHALL
Lt. Col., Corps of Engineers
Deputy District Engineer
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OFFICE OF

AREA DIRECTOR

UNITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF MINES

AREA :sr 224 NEW CUSTOM HOUSE

DENVER, COLORADO 80202

December 12, 1963

,o(~ < :., ".

)

Earl C. Peacock, Colonel
U. S. Army Engineer District, Los Angeles
Corps of Engineers
751 South Figueroa Street
Los Angeles, California 90017

Dear Colonel Peacock:

Your reference:
SPIGP-F'

)

The proposed Corps of Engineers "Interim Report on Survey for Flood
Control, Phoenix, Arizona and Vicinity (Including New River)," which
was submitted with your letter of November 18, has been reviewed and
the project area examined by resource engineers of the Bureau of
Mines stationed at Tucson. Their report, in which I concur, follows:

The flood control works proposed would be partly in unsettled areas
north and northwest of the metropolitan area of Phoenix and partly
within builtup city and suburban areas.

In reviewing the project with respect to its effect on mineral
resources, the files of the Bureau of Mines were consulted, and a
brief field examination was made to verify the present status of
mineral exploration in the area.

This letter report deals only with possible loss of potential mineral
reserves that might become unavailable because of the proposed con
struction. Ownership and valuation of the property involved are not
considered. It is concluded that the area has a low potential for
minerals other than sand and gravel, and that possible loss of
reserves because of the project would be negligible.

The construction zone and the drainage basin upstream ,from planned
project works have a long history of mineral exploration, largely
unsuccessful, for copper, gold, and other metals. The proposed
project would have an effect only on deposits in the immediate con
struction area. The mineral potential upstream would be unaffected.
Even in the construction zone, the few known mineral prospects, with
one exception, are on high ground that would remain accessible for
exploitation.
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The exception 1s a mercury occurrence in Dreamy Draw in T. 2 N.,
R. 3 E., and T. 3 N., R. 3 E., northwest of the Phoenix Mountains.
Part.of the area involved in the proposed Dreamy Draw detention
basin and channel is covered by patented or located mineral claims
on small, mercury-bearing veins in schist. The deposits have been
developed at various times between 1916 and 1947 through underground
openings--shafts and tunnels, but no production has been made other
than token amounts, perhaps· as much as 25 flasks of mercury in all,
retorted at the mines.

The deposits are described in Bulletin No. 122 of the Arizona
Bureau of Mines, 1927, pp. ~~-60, and in U. S. Geological Survey
Bulletin 690, pp. 95~110. Two reports in the Tucson files of the
Bureau of Mines also deal with the deposits: A confidential U.S.G.S.
memorandum report by Max D. Crittenden in 19~3, and a U.S.B.M. report
by Lincoln A. Stewart in 19~7. Both reports were made to evaluate
requests of property owners for Government exploration. Both·
requests were denied on the basis that further work was not warranted.

At least three groups of claims have been located covering most of
upper Dreamy Draw and the lower slopes of the Phoenix Mountains.
No work is being done currently, all surface bUildings and equipment
have been removed, and most underground workings are inaccessible.
Flood· control features would not interfere with future operation of
workings on the slopes above Dreamy Draw. Only certain ground in
the floor of Dreamy Draw channel would became unavailable for mineral
exploration. The major shaft in the area was on the Rico patented
group of claims, adjacent to the dry stream bed about t mile beloW
the site of the detention basin dam. This shaft has been destroyed,
although the dump remains. Concrete foundations nearby mark the sites
of a mill and a furnace. Part of the claim area has been used as a
trash dump but is now· posted by the county to prohibit such use.
A gravel road along the draw, Shea Boulevard, has been replaced by
Northern Avenue, a hard-surfaced highway on higher ground.

Based on the published mineral reports on the area and on the two
confidential reports made by Government examiners 1n 1943 and 19~7,

the conclusion reached is that, although mine~al occurrences are
present locally, no worthwhile deposits other than sand and gravel
occur in the area in Which construction is planned. The Phoenix
area contains many sand and gravel deposits of the same ~e. Any
suitable sand and gravel excavated during the course ot the work
could .be utilized to advantage on the job or stockpiled for future
use.

5-6
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The tenor of mercury mineralization as indicated by several investi
gations is poor, the reserve potential is low, and the possibility
of future profitable mining operations remote. The deposits;
therefore, do not appear to be a significant mercury resource.

Yours very truly,

fiJ- Ii) K1:-v
Robert vi. Geehan
Area Director
Area V Mineral Resource Office

5-7
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REGION SEVEhl
ARIZONA

CALIFORNIA

NEVADA

HAWAII
U. S. DEPARTMENT OF COMMERCE

BUREAU OF PUBLIC ROADS

230 N. 1st Avenue
Phoenix, Arizona 85025

January 10, 1964

IN REPLY REFER TO:

07-02.8
'J

.~~ ..

U.s. Army Engineer District
Los Angeles
Corps of Engineers
751 South Figueroa Street
Los Angeles, California 90017

Attention: Chief of Engineering Division

Dear Sir:

Reference is made to your telegram of January 10, 1964, concerning
our comments on your interim report for flood control, Phoenix,
Arizona, and vicinity (including New River).

We have no comments to add to that already carried in Paragraph 103
of the report wherein Federal-aid Highway Funds are stated to be
ineligible for use on highways or bridges built or reconstructed as
part of the local contribution to financing the Project.

Sincerely yours,

;;d7o/ -
W. H. BAUGH
Division Engineer
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IN REPLY
REFER TO:

UNITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF RECLAMATION

REGION 3

BOULDER CITY. NEVADA

...... ;,.."'!;.:•.•..

'"OJ

~<..>{......... ~....... '
';'.'

)
Your reference:
SPLGP-F

District Engineer
U. S. Army Engineer

District, Los Angeles
P.O. Box 17271, Fay Station
Los Angeles 17, california 90017

Dear Sir:

We have reviewed the Interim Report on Survey for Flood Control,
Phoenix, Arizona and Vicinity (Including New River ) transmitted
by your letter of November 18, 1963, and have the following general
comments:

The recommended plan of improvements would alleviate a serious
local flood problem within the rapidly growing Phoenix metropolitan
area. It would protect· the overflow areas along Dreamy Draw, Cave
Creek, Skunk Creek, the New River, the Agua Fria River, and several
other unnamed washes. AI:. a result of this protecti(;>n, optimum
development of the land by commercial and residential interests
could be realized.

The Granite Reef Aqueduct of the central Arizona Project, proposed
by the Bureau of Reclamation, crosses three of the drainage basins
in which the subject plan has proposed features. '!he aqueduct
alignment now· under consideration "wouJ.d pass just upstream frQll
the Lower New River Detention Basin, directly through the Adobe
Detention Basin, and downstream from the Cave Buttes Detention
l'3a.sin Dam site.

These proposed flood control facilities could be adapted for
multiple-purpose use with mutual advantages for the Central Arizona
Project Aqueduct facilities, the future municipal 'Water supply
treatment and distribution facilities of the city of Phoenix
supplied fram the Central Arizona Proje~t, and recreation plans
of the Maricopa County Parks and Recreation Department.

'~-:::"'-"'-'....... "
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In recent meetings between Corps of Engineers and Bureau of
Reclamation personnel, coordination of common planning studies
has been very satisfactory. When the Central Arizona Project
Aqueduct plans are firmed up, it is anticipate"- that any conflict
in location between Central Arizona Project features and the
flood control features will be adjusted and the best over-all
plan adopted by all interested parties.

We appreciate the opportunity to comment on the subject report.

:r2UDA-
Act~lJj; r'",j,'

A. B. West
Regional Director

In duplicate
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UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
BUREAU OF SPORT FISHERIES AND WILDLIFE

P. o. BOX ISOf

ALBUQUERQUE, NEW MEXICO

December 16, 1963
Air Mail

District Engineer
Corps of Engineers, U. S. Army
Box 17277 Foy Station
Los Angeles, California

Dear Sir:

Your letter of November 19, 1963, referenced SPLGP-F, requested
our comments concerning your proposed interim report for flood
control, Phoenix, Arizona, and vicinity (including New River).

As you are aware, this .Bureau in cooperation with the Arizona
Game and Fish Department has investigated the project in the light
of the latest project information available from your of'fice.
Enclosed for your review and comment are two copies of' a draf't of
our report for the project.

Since we do not anticipate any major changes in the draft of the
report before it is released. in final form, we trust the draft
will serve your needs at the present time. It is planned to issue
the report as soon as we have received the concurrence of the
Arizona Game and Fish Department.

If you have comments concerning the draft of the report, we would
appreciate receiving them by December 27, 1963.

Sincerely yours,

~f/~LI
Lewis '~'~arlick
Acting Regional Director

Enclosures 2

cc:
Director, Arizona Game and Fish Department, Phoenix, Arizona
Field Supervisor.1_ Branch of River Basin Studies, Bureau of sport

Fisheries and wildlif'e, Phoenix, Arizona
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UNITED STATES
DEPAR'lMENT OF THE INTERIOR

FISH AND WILDLJ:FE SERVICE
Bureau of Sport Fisheries and Wildlife

Albuquerque, New Mexico

December 16, 1963

AIR MAIL

Mr. Robert J. Smith, Director
Arizona Game and Fish Department
105 State Office Building
Phoenix, Arizona

Dear Mr. Smith:

Enclosed for your review and comment are two copies of a draft .pf
our report concerning the Corps of Engineers' Phoenix, Arizona,
and Vicinity (Including New River) Flood Control Project.

Since the Corps of Engineers has indicated they are planning to
issue their report at an early date, we are striving to release
our report as soon as possible. It would be appreciated if we
could receive your comments concerning the draft of our report
by December 27, 1963. If the report meets with your approval,
a letter of concurrence would be appreciated.

Sincerely yours,

Lewis R. Garlick
Acting Regional Director

Enclosures 2

cc:
District Engineer, Corps of Engineers, U.S. Army, Los Angeles,

California
Field Supervisor, Branch of River Basin Studies, Bureau of Sport

Fisheries and Wildlife, Phoenix, Arizona
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UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
BUREAU OF SPORT FISHERIES AND WILDLIFE

P. o. BOX 'SeMI

ALBUQUERQUE, NEW MEXICO

January 17, 1964

District Engineer
Corps of Engineers, U. S. Army
P. O. Box 17277, Foy Station
los Angeles, California

Dear Sir:

This letter constitutes the Bureau of Sport Fisheries and Wildlife
report on fish and wildlife resources in relation to development
of Phase B of the proposed Phoenix, Arizona, and Vicinity (including
New River) Flood Control Project and supersedes our preliminary
report on the project dated December 10,1959. This report has
been prepared under the authority and in accordance with the Fish
and Wildlife Coordination Act (48 Stat. 401, as amended; 16 U.S.C.
661 et seq.) in cooperation with the Arizona Game and Fish Department
and is intended to accompany your project survey report. Concurrence
of the Arizona Game and Fish Department is expressed .in Director
Robert J. Smith's letter dated January 7, 1964, copy of which is
enclosed.

The Phoenix and Vicinity (including New River) Flood Control Project
is a portion of the Corps of Engin~ers flood c9ntrol survey of the
Gi la River Basin, Arizona and New Mexico. Conducted pursuant. to the
Flood Control Act· approved June 28, 1938 (52 Stat. 12l5), the survey
of the Gila River Basin is being covered by means of interim reports,
review reports, and a final comprehensive report. To date, seven
interim reports and three review reports have been sub~itted to
Congress. In addition, four interim reports, including one embody
ing the plan considered in the ensuing report, are in preparation.

The Phoenix, Arizona, and Vicinity (including New River) Flood Control
Project tomprises a comprehensive p.lan for flood control in the
Phoenix metropolitan area in Maricopa County, Arizona. The compre
hensive plan is' being developed in five phases designated A through

. . . . . .
""(}-- ....~.....~. w .....

.:~ .
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E. Phase A will consist of channel improvements qn Indian Bend
Wash from the Arizona Canal to the Salt River in and adjacent to
Scottsdale, Arizona. The Indian Bend Wash development was the subject
of a Corps of Engineers' Interim Report on Survey for Flood Control,
Indian Bend Wash, Arizona, dated April IS, 1962, and an appended
Bureau of Sport Fisheries and Wildlife report dated August 14, 1961.
Phase B is considered in the ensuing report. Phases C, D, and E,
comprising developments in the Glendale-Haryvale-South Phoenix
Area, Maxwell Reservoir and the Salt River, and Indian Bend Wash
upstream from the Arizona Canal, respectively, will be presented in
future reports.

Principal features of PhaseB will be the construction ot tour flood
water detention basins having a combined capacity of 88,150 acre-feet,
construction of 22.75 miles of diversion channels, and channeliza
tion of 29.1 miles of river bed. Dreamy Draw detention basi~ will
be located in northeast Phoenix. Cave Buttes, Adobe, and New River
detention basins will be located on Cave Creek, Skunk Creek, and
New River, respectively, and will be situated a few miles north and
northwest of Phoenix. Dreamy Draw is tributary to Cave Creek which
in turn is tributary to the Salt River in south-central Phoenix.
Skunk Creek is a tributary of New River which in turn is a tribu
taryof the Agua Fria River. The Agua Fria River enters the Gila
River about 4 miles below the Gila River-Salt River junction. near
Avondale, Arizona.

When completed and in operation the detention basins, diversion
channels, and streambed channels will form an interconnected system
designed to retain floodwaters for later release, divert upper Cave
Creek and Dreamy Draw flood flows into the Agua Fria River drain
age, and provide increased channel capacity for safe passage of
flood flows. Thus, the Phase B developments will provide a large
measure of protection to portions of metropolitan Phoenix from
floods originating in the major drainages north and northwest of
Phoenix. Pertinent engineering data are summarized in Table 1.

,) ..

;.. ....:;-.,..
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Table l. Pertinent Data, Phase B Developments,
Phoenix, Arizona, and Vicinity (including New River) Flood Control Project

Channel s

Unit
Capacity at Surface Area at Pool Drain

Length Capacity Spillway Crest Spi Ilway Crest Conduit Capaci~y

(mi les) (s!!cQn9-f~tl _ (ac:re-f"eetl (acres) _ _ _ _lse~Qnd-f~D

V1,
I-'
V1

txt

~
I\)

~

Cave Creek Channel 3.6
Skunk Creek Channel 6.5
Dreamy Draw Channel 3.5
New River - Agua Fria

River Channel 15.5
Arizona Canal Diversion

Channel 13.0
Union Hills Diversion

Channel 9.75

Detention Basins

Cave Buttes'Detention
Basin

Dreamy Draw Detention
Basin

New River Detention
Basin

Adobe Detention Basin

6,000
24,400-41 ,400

100-1,150

53,400-74,000

1,150-18,500

2,000-15,000

28,800

450

39,500
19,400

825

30

1,740
1,050

5,400

100

1,000
2,000

w
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The Phoenix, Arizona, and Vicinity (including New River) Flood Control
Project area is located in a desert environment. Precipitation in
the project area averages about 7 inches most of which falls during
two rainy seasons, summer and winter. Summer rains frequently are of
the local thunderstorm type. Heavy amounts of precipitation may
strike scattered, localized areas in a matter of minutes giving rise
to flash floods. Winter rains tend to be more widespread, of longer
duration, and gentle. Streamflows in project streams are intermittent.
The average temperature in the project area is about 70 degrees Fahr
enheit whi Ie the relative humidity averages about 30 percent. More
than 750,000 people live in the Phoenix metropolitan area and the
population is burgeoning.

FISH

Without the Project

Because of the intermittent character of streamflow in project streams,
fish habitat and fish resources are nonexistent.

Wi th the Proj ect

Present plans provide for ungated outlet works in each of the flood
water detention structures. No storage for water conservation will be
included in the floodwater detention reservoirs; hence, no fish habit~t

wi 11 be available with the project. Construction and operation of the
project will result neither in losses nor benefits to fish resources
and fishing.

WI LDLIFE

Wi thout the Proj ect

)

Construction of project features will affect wildlife habitat in and
adjoining portions of Dreamy Draw, Cave Creek, Skunk Creek, New River,)
and Agua Fria River. Riparian and river bottom perennial vegetation "-
consists' principally of mesquite, palo verde, hackberry, ironwood,
bursage, baccharis, and various species of cacti. During rainy periods,
the normally bare s~il between perennial trees and shrubs may be covered
with a great variety of ephemeral grasses and forbs.

.... -:....
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Principal wildlife species present in the project area include Gambel's
quail. white-winged dove, mourning dove. and cottontail. A few mule
deer and javelina are present in the vicinity of New River and Adobe
damsties.

Upland-game hunting occurs in the project area at present but. because
of encroaching urbanization, it is believed that future hunting would
be insignificant. However. the. river bottom and riparian vegetation
would continue to provide good dove-nesting habitat and would contrib
ute to overall hunting success in Arizona.

With the Project

Clearing of perennial vegetation in the detention basins and in the
stream channels downstream from the floodwater detention basins will
result rn a loss of valuable dove-producing habitat~ Although effects
on hunting in the project area wi 11 be insignificant, project-caused
habitat losses will contribute to overall hunting losses in Arizona.
More detailed project information and additional field investigation
would be required to evaluate fully the extent of dove population
losses and related hunting losses resulting from project-caused habi
tat attrition.

Dove-nesting habitat losses will be compensated in part by increased
amounts of wildlife food plants in the floodwater detention basins.
Intermittent flooding of the basins will create ideal conditions for
the growth of food-producing grasses and forbs.

Thus, development and operation of the project will result in wild
life habitat losses. No hunting benefits will be realIzed.

DISCUSSION

Rapid expansion of population in the Phoenix metropolitan area,
coupled with an ever-present shortage of fishing waters. has cre
ated a growing unfulfilled demand for additional fishing areas.
Construction of floodwater detention dams and basins in the Phoenix
area offers an excellent opportunity for enhancement of local fish
ing. The Arizona Game and Fish Department has expressed great

5-11 R. 3/25/64
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interest in multipurpose development of one or more of the floodwater
detention basins to include storage for fishery pools. Studi~s by
the Arizona Game and Fish Department have indicated that of the four
proposed detention basin sites, Adobe, Cave Buttes, and Lower New
River site5 appear to be the most feasible for inclusion of fishery
pools. Additional investigation wi 11 be requi red before specific
recommendations can be made concerning fishery pools at these sites.

Inclusion of a fishery pool at Cave Buttes will be more than justi
fied on the basis of fishing use should analysis of additional hydro
logic and engineering data prove such development feasible. Surveys
by the Arizona Game and Fish Department on existing reservoirs in
Arizona indicate that a fishery pool at Cave Buttes could receive in
excess of 1,000 man-days of fishing per surface acre annually. Mini
mum pools at Adobe and Lower New River detention basins also could
provide additional fishery benefits.

Every effort should be made to minimize the destruction of riparian
and stream-bottom habitat during project construction. Consonant
with project construction needs, trees and shrubs should be left
undisturbed wherever possible.

RECOMM.ENDATIONS

It is recommended:

1. That additional study be made by the Corps of
Engineers, in cooperation with the Arizona Game
and Fish Department, to determine the feasibility
of including provision for future storage in Adobe,
Cave Buttes, and Lower New River detention basins
for development of fishery pools.

2. That project construction planning make provIsion
for minimum disturbance of trees and shrubs wher
ever possible.

I ')

)
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CONCLUSIONS

Construction and operation of the Phoenix. Arizona. and Vicinity
(including New River) Flood Control Project will have no effect on
Arizona fish resources but will result in a minor loss of dove pro
duci ng habi tat.

The possibility exists that the proposed Adobe. Cave Buttes, and
Lower New River detention basins could be modified to include stor
ag~ for fishery pools. Additional investigation, as pro~osed in
Recommendation No.1, will be needed to determine the feasibility of
fishing lakes at these sites. Effectuation of Recommendation No.2
will minimize wildlife habitat losses during project construction.

This report is based on project information made available November
19, 1963. Any modification in project plans should be brought to
the attention of the Bureau of Sport Fisheries and Wildlife and the
Arizona Game and Fish Department.

Sincerely yours,

~:~
Regional Director

Enclosure

Copies (10)

Distribution: :....... +-

(2)
(2)

(2)

(2)

(2)

Director, Arizona Game and Fish Department, Phoenix, Arizona
Chairman, Board of Directors, Maricopa County Flood Control

District, Phoenix, Arizona
Regional Director, Bureau of Reclamation, Region 3. Boulder

City, Nevada
Regional Director, National Park Service, Southwest Region,

Santa Fe, New Mexico
Pield Supervisor, Branch of River Basin Studies, Bureau of

Sport Fisheries and Wildlife, Phoenix,. Arizona
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ARIZONA GAME .. FISH DEPARTMENT 4'~

. ~Oju.8~ P~l. 271-4295

PAUL FANNIN

~

~iIUU \
\ \

• ROBERT J. SMITH DaM WENDELL SWANK AlllifMrtAuiIM.

January 7, 1964

)

Regional Director
Fish & Wiltllife Service
Bureau of Sport Fisheries & Wildlife
P. O. Box 1306
Albuquerque, New Mexico

Dear Sir:

We appreciate the opportunity to review and comment on the draft of your report
concerning the Corps of Engineers' Phoenix, Arizona, and Vicinity (Including New River)
Flood Control Project.

Our Department concurs in the proposals in that the draft recommends additional
studies be made to determine the feasibility of including provision for storage. The pro
ject comments of our letter dated December 9, 1963, to the District Engineer, Corps of
~eers, Los Angeles, pointed out our desire for such investigations. .

Thank you for the opportunity to review and comment on this report.

Sincerely,

R. J. Smith, Director,", ....) ..- ')
. \) '" ~ V'"\ Jt'-v--- \~. \",~ c:; ~ :::.>

!/~.

'.. By: John P. Russo
../ River Basin Supervisor

JPR:ms

cc: DiStrict Engineer, Corps of Engineers, U. S. Army, Los Angeles, California
Field Supervisor of River Basin Studies, Bureau of Sport Fisheries and Wildlife,

Phoenix, Arizona

)
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1120 N. StREET, SACRAMENTO

THE RESOURCES AGENCY OF CALIFORNIA

DEPARTMENT OF WATER RESOURCES

',llAM E. WARNE
Director of

Water IIelOUrees

I. AIIOn GOLDBERG
Chi., Deputy Director

REGINALD C. PRICE
Oeputy Director Policy

NEELY GARDNER
Deputy Director
Administration

ALFRED R. GOlZE
Chief Engineer

)

eoMU" . BROWN
GOh..tolOR OF

CALIFORNIA

GO FISHER
..""'INISTRATOR

RESOURCES AGENCY ADDRESS REPLY TO
P. O. Box 381
s-r-to 2, Calif.

''':-:~' ..... '

.J

DEX: 19 1963

District Engineer
U. S. Army Engineer District
Los Angeles
P.O. Box 17277, Foy Station
Los Angeles 17, California

Dear Sir:

Your preliminary "Interim Report on Survey for Flood Control,
Phoenix, Arizona, and Vicinity (including New River), (With Appendixes),"
dated November 15, 1963, was received. on November 21, 1963, for informal
review and comment. Our comments are presented. in the following paragraphs.

According to the report, the recommended. project would provide
for the construction of: (1) four dams, one each on.Cave Creek, Skunk Creek,
New River, and Dreamy Draw; (2) the Union Hills and Arizona Canal diversion
channels; and (3) the cave Creek, Dreamy Draw, Skunk Creek, New River, and
Agua Fria River channel improvements. All the streams involved are within
the drainage area of the Gila River which is tributary to the Colorado River
near Yuma, Arizona.

'!hese improvements would be constructed. on or along the above
named streams or their tributaries for flood control only,at a total esti
mated. first cost of $70,000,000. It is noted. that no storage for water
conservation, water-based recreation, or power development is to be included.
in the project. Based on available information, the interest of the State
of California in the Colorado River would not appear to be prejudiced by the
proposed developments, as they would not appreciably affect the Colorado
River water supply•

'!he opportunity to review your report is appreciated.

Sincerely yours,

/u~-'-
Director

cc: Mr. Dallas Cole, Chief Engineer
Colorado River Board of California
909 So. Broadway - Room 230
Los Angeles 15, California

:'-l'
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STATE OF CALIFORNIA

Colorado River Board of California
.0. eoUTH .ROADWAY

LOS ANGELES U5

De~ember J.3 oJ 1963

WALTa MlLLIIN.ACtIaP.....~_T_~
MIIIUm. •• NIIL80N

DU__..., Of' W..., .
_ •• CI.,., ... '-A_.....

RAYMOND R. IlUNMONDe
_ .....u " ..LLIlY COU...,.,....,.01..,.....,.

DALLA8 IE. COLlEc..... _ ••_

Colonel Earl G. Pea8oc~

Di~trict Engineer
U.S. Army EnGineer Di3tri~t

P. O. Box 17277, Fay Station
Los Pngele~ 17, Ca}~~ornja

Colonel Pe3.cock:

Thi sis in reference to ~r01-~r le4,;t.=T' of !'bvember 19 oJ 1963.,
which transmitted a draft copy of an jnterim report on a proposed
.~lood control plan for Phoenb:, Ar'lzona and ~Tictnity for our
j.nforma1 revie\'T and comment.

vIe note that a comprehensi'!e five-phase flood control plan
has been .developed a~ l? frame't'!cr1r for all flood control 't'~ork in
t~e ar~a ~.nn thnt the !n3tant r(''I')crt 1~ directed to the Phase "B"
portion of the plan. The propo~ed development for Phase "B", as
recomnlended by your report, would he essentially s1ngle purpose in
nah:tre al)d limited to f100d contrOl, but sUbject to certa:ln condi
tions some concervat:f.on and r-ecreat::ton features could be added at
the desire of local intere3ts.

The proposed rlev~lopment doen not appear to prejudice the
interests 0f Californta and :ft~ 3~encies in and to the Colorado
River.

The rece:tpt of the report and opportunity to review and comment
on it~are appreciated.

Dallas E. Cole
Chief·. Engineer

)
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u.s. ARMY ENGINEER DISTRICT, LOS ANGELES
CORPS OF ENGINEERS

751 South Figueroa Street
Los Angeles 17, CaJ..ifornia

'.'
';r'V"

)

SPLGP-F

RegionaJ.. Director
Bureau of Sport Fisheries and Wildlife
Fish and Wildlife Service
U.S. Department of the Interior
P.O. Box 1306
Albuquerque, New Mexico

Dear Sir:

30 December 1963

.J

Reference is made to your letter of 16 December 1963, inclosing
two copies of a review draft of your report on fish and wildlife
resources in relation to the development of phase B of the flood
control project for metropolitan Phoenix, as proposed in ow;- draft
copy of the interim report for flood control for Phoenix, Arizona,
and vicinity (including 'N~w River).

We note your agreement that the proposed improvements would
provide a large measure of flood protection to portions of metro
politan Phoenix. You indicate that the construction and operation
of the project would result neither in losses nor benefits to fish
resources and fishing, but would result in some wildlife-habitation
losses.

You mention that the Arizona Game and Fish Department has
expressed great interest in multiple-purpose development of one or
more of the detention basins to include storage for fishery pools.
You indicate, however, that additional investigation would be required
before specific recommendations can be made concerning fishery pools
at those sites.

Your recommendation that project construction planning make pro
vision for minimum disturbance of trees and shrubs wherever possible
will be given serious consideration in later studies, provided the
project is authorized•

This office gave consideration to development of fish and wild
life and recreation facilities at the proposed reservoir sites. We
found that because of the low average annual yield, the high evapora
tion, and the large infUtration losses, fish and wildlife or
recreation facilities that could be developed would be minor and
probably could not be justified.
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SPLGP-F 30 December 1963
Regional Director, Bureau of Sport Fisheries and Wildlife

In addition, the Granite Reef aqueduct of the Central Arizona
project, proposed by the Bureau of Reclamation, crosses New River,
Skunk Creek, and Cave Creek in the vicinity of the proposed deten-
tion basins.' A definite location for this aqueduct has not been
d~termined and all features of the Bureau project have not been firmed.
With the importation of Colorado River water to the area, the proposed
detention basins probably could be adapted for multiple-purpose use
'Wi.th mutual advantages for the Central Arizona project aqueduct facili
ties, the future municipal water supply treatment and distribution
facilities of the city of Phoenix supplied by the Central Arizona
project, recreation plans of the Maricopa County Parks and Recreation
Department, and fish and wildlife facilities to be developed jointly
wi.th your office and the Arizona Game and Fish Department.

, '!his office has not made further studies of fish and wildlife and
recreation development under present water supply conditions because of:
(1) the apparent minor aspect of a fish and wildlife and recreation
program under conditions' whereby water supplies 'WOuld be lim!ted to the
natural floYS of the streams .involved; (2) the probability that importa
tion of water from the Colorado River under the Central Arizona project
would enhance the opportunity to develop fish and wildlife and recrea
tion resources; and (3) the inability to develop detailed plans
utilizing Colorado River water until firm plans are developed by the
Bureau of Reclamation. Addition of fish and wildlife and recreation
facllities would not e;ppreciably change the overall conclusions of the
report. However, you can be assured that if the Phoenix project is
authorized for construction, detailed consideration will be given to
fish and wildlife and recreation aspects in the definite project
studies, to assure that maximum development at the proposed detention
basins is achieved. .

Sincerely yours,

/s/A. R. MARSHALL
Lt. Col., Corps of Engineers
Deputy District Engineer
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85-Gila River
W/A 61

FEDERAL POWER COMMISSION
REGIONAL OFFICE

555 BATTERY STREET. ROOM 415

SAN FRANCISCO 11. CAL.IF.

AIR MAll.

December 17, 1963

Colonel Earl C. Peacock
U.S. Army Engineer District
Corps of Engineers
751 South Figueroa Street
Los Angeles, California 90017

Dear Colonel Peacock:

We have made a brief review of your proposed "Interim Report on
Survey for Flood Control, Phoenix, Arizona, and vicinity (including
New River), Gila River Basin, Arizona and New Mexico", a copy of
which was received with your letter of November 18, 1963.

Our review indicates that the recommended flood control improve
ments would consist of (1) four detention basins, which would be empty
at all times except during flood periods; (2) several diversion chan
nels, channel improvements or channelization work.

Since little streamflow occurs at any of the recommended damsites,
except during and immediately follOWing periods of heavy rainfall, and
since the proposed detention basins will be empty except. when storing
floodwaters, the development of hydroelectric power in connection with
the proposed improvements would not be economically feasible.

We appreciate the opportunity to review and conunent on your pro
posed interim report. We would like to have a copy of your final re
port when it becomes available •

Sincerely yours,

7I!&wf~~
M. Boyd /1st~
Regional Engineer

...
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UNITED STATES DEPARTMENT OF AGRICULTURE

FOREST SERVICE

SOUTHWESTERN REGION
517 GOLD AVENUE. SW

ALBUQUERQUE. NEW MEXICO

January 10, 1964
IN REPLY REFER TO

3510

Colonel Earl G. Peacock
District Engineer
Corps of Engineers
U. S. Anny Engineer District
Los Angeles, California

Dear Colonel Peacock:

We have reviewed the preliminary Interim Report on Survey for Flood
Control, Phoenix, Arizona, and Vicinity (including New River).

The proposed structural improvements are in excess of ten miles be
low the nearest point on the Tonto National Forest boundary, and
will have no direct impact .on either the Tonto or Prescott Forests.

We find. that approximately 30 percent of the drainage area above
the proposed flood control structures is within the Tonto and Pres
cott National Forests. Our management of these lands is a vital
part of the overall flood prevention effort.

Land management programs on the National Forest lands within the
watershed are being accelerated to the extent of available funds.
The acceleration of these programs to improve the vegetative cover
condition will reduce the flood hazard by increasing infiltration
and retention of precipitation. Erosion and subsequent sedimenta
tion of downstream structures will also be reduced. Thus, our manage
ment efforts on the upper reaches of the watershed will enhance the
value, of the proposed flood control project.

The Forest Service will continue to give consideration to flood
prevention when making administrative and management decisions
affecting the multiple uses on the watersheds land Within the
National Forests.

Sincerely yours,

FRED H. KENNEDY
Regional Forester

)

,. ','
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UNITED STATES
DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY
WATER RESOURCES DIVISION

345 MIDDLEFIELD ROAD
MENLO PARK. CALIFORNIA

DAVENPORT 5·6761

IN REPLY REFER TO:

) January 10, 1964

Colonel Earl G. Peacock
District Engineer
Corps of Engineers
751 South Figueroa Street
Los Angeles, California 90017

Dear Colonel Peacock: .

The hydrologic aspects of the Interim Report for Flood
Control, Phoenix, Arizona. and vicinity (including New River).
have been reviewed and are deemed to be satisfactory. As
noted in the report, runoff and sediment data in the region
covered by the report is very scanty--almost non-existent.
The method of analysis used in the report is probably the
best that could be applied and the results obtained appear
to be reasonable.

~ truly yours, !4
R. Stanley Lord
For W. W. Hastings
Division Hydrologist
Pacific Coast Area

.)
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REGION VI

HOUSING AND HOME FINANCE AGENCY
OFFICE OF THE REGIONAL ADMINISTRATOR

989 Mcuket Street

SaD lrcmcilco 3, California

DEC 1 91963

District Engineer
U. S. Army Engineer District, Los Angeles
P. O. Box 17277, Foy Station
Los Angeles, California 90017

Dear Sir:

We have examined your Interim Report, Phoenix, Arizona and

vicinity, the subject of your letter SPLGP-F, November 18,

1963. This Agency has no projects at present which would

be adversely affected by the flood control project proposed

for that locality.

~erely' yo~~s,

\
\ ~ -E:: -'
~~'t
aul Eumert

Regional Director,
Community Facilities
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IN REPLY REFER TO.

UNITED STATES
DEPARTMENT OF THE INTERIOR

NATIONAL PARK SERVICE

Southwes t Region
Santa Fe, New Mexico

)
,

.)

Dis tric t Engineer
U. S. Army Engineer Dis trict, Los Angeles
P. O. Box 17277, Foy Station
Los Angeles, California 90017

Dear Sir:

Thank you for the opportunity given us in your letter of
November .18, File No. SPLGP-F, to review and commen t on your
proposed interim report'for flood-control, Phoenix, Arizona,
and vicini ty.

We were pleased to learn that although water -based recreation
is not a purpose of the project some recreational development
(at non-project cost) and use of the project area could be made
by local interests.

It is very probable that each project feature will destroy or
damage archeological s1 tes • 'lberefore, if the project is
authorized, arrangements for an archeological survey and
necessary salvage will be made by the National Park Service.

Sincerely yours,

Norman B. Herkenham
Acting Assistant Regional Director,
Resource Planning
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DEPARTMENT OF

HEALTH. EDUCATION. AND WELFARE
REGIONAL OFFICE

PUBLIC HEALTH SERVICE

447 Federal Office Building
san Francisco, California"
94102

17 December 1963

Colonel Earl G. Peacock
District Engineer .
Corps of Eilgineers
751 South Figueroa Street
Los Angeles, California 90017

Dear Colonel Peacock:

Enclosed as requested are our comments on the Public
Health Aspects of the ""Interim Report on Survey for Flood Control
Phoenix, Arizona. and Vicinity (includ:i?g New River)."

Thank you for giving us the opportunity to comment on
this proposed project. . "

Sincerely yours,

4 E/a~s~tman~.,l,:;~""~
Regional Program Director
Water Supply &Pollution Control

EncloSUre

cc: Krause
Rainey
Marx

5-30

)

"',,:' '>'~ : ~:..".



)

J,

REPORT ON

TIlE PUBLIC HEALnI ASPECTS

OF TIlE

INTERIM REPORT ON

SURVEY FOR FLOOD CONTROL

PHOENIX, ARIZONA AND VICINITY

(INCLUDING NEW RI VER)

FOR nIE

U. S. ARMY CORPS OF ENGINEERS

. PREPARED BY

nIE U. S. PUBLIC HEALnI SERVICE

DEPARTMENT OF HEAL1H, EDUCATION AND WELFARE

REGION IX, SAN FRANCISCO, CALIFORNIA

DECEMBER 1963
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PUBLIC HEALThI ASPECTS
of the

INTERIM REPORT ON
SURVEY FOR FLOOD COOTROL

PHOENIX, ARIZONA AND VICINITY
(INCLUDING NEW RIVER)

U. S. Army Corps of Engineers

The Corps of Engineers recommends construction of four dams and
channel improvement on Cave Creek, Skunk Creek, the New River, and Dreamy
Draw and two diversion channels (Union Hills and Arizona Canal). No water
conservation, power development, or water-based recreation is included in
the plan. Local interests could modify the plan to include some use of
flood flows for water recharge and land-based recreational developments.

SANITARY ENGINEERING

\'iater Supply

No water conservation ben~fits are planned, although some replen
ishment of the ground water basin could be developed at a later date. A
benefit would result from the .increased flood control since the chance of
water supply \'1ells being contaminated is decreased. Contamination of the
water system could result during relocation of water mains unless precautions
are taken. Any wells that must be abandoned should be sealed to protect the
ground water supply and .to eliminate the chance of persons falling into them.

Sewage and Industrial Waste Disposal

The recommended plan would decrease the likelihood of sewage and
industrial waste facilities being flooded and is therefore advantageous.

WATER POLWTIOO CONTROL

The existing stream beds are dry except during times of flood
runoff and since no wastes are discharged into the stream bed there is no
reason to provide water quality control flows. The proposed project would
reduce the quantity of sediment carried into the area of the flood plain.

SANITATION

Any local development of recreation facilities in the future should
provide for water supply and sanitation facilities which meet the requirements
of the Local Health Department.
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VECTOR CONTROL

This vector evaluation is based on a review of the Corps of
Engineers' report entitled "Interim Report on Survey for Flood Control,
Phoenix, Arizona and Vicinity (including New RiveF}" dated Nover.iber 15, 1963.

Anticipated Effects of the Proposed Project. on Vector Problems

Mosquitoes are the principal vectors which might be affected by
the proposed project. Several species- of mosquitoes of public health
importance including Culex tarsalis and Culex quinquefasciatus, recognized
vectors of encephalitrs;-ind the voracious-Aedes vexans may be produced in
large numbers in the area of the proposed project when suitable aquatic
habitats are present. Basic information concerning pertinent biological
characteristics of these mosquitoes is given in Appendix A.

Encephalitis, commonly known as sleeping sickness or brain fever,
is now the most important mosquito-borne disease in the area of the proposecl
project. Records of the U. S. Department of Agriculture show that equine
encephalitis cases occurred in Maricopa County during 16 years of the l7-year
period 1939 through 1955 for ~lich records are available. According to the
Arizona State Department of Health, 5 human and 25 equine encephalitis cases
occurred in Maricopa County during 1960. Additional information concerning
the public health and socio-economic importance of mosquito and other vector
problems associated with water resource developments is presented in Appendix B.

The reduction in flooding of lowland areas expected from the proposed
flood control project should result in a reduction in natural aquatic habitats
favorable for the production of mosquitoes and certain other insects of public
health importance. On the other hand, certain project elements may result in
the development of man-made aquatic habitats favorable for the production of
mosquitoes and other aquatic vectors. Of particular significance would be
water spreading areas which retain water for periods of 5 days or longer
during the mosquito breeding season. By making provisions fo~ the prevention
and control of man-made vector sour-ces, the overall benefits of the project
can b~greatly increased.

Responsibility for Vector Control

Responsibility for vector prevention and control is normally
associated with land ownership or operating rights. Therefore, the agency,
group, or individuals responsible for various aspects of the proposed project
should be prepareQ to accept full responsibility for the prevention and control
of vector problems resulting from the design, construction, operation, or
maintenance of the project.
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ACCIDENT PREVENTION

Falls into the deeper rectangular channel sections eQuId result in
serious injury ana precautions should be taken to exclude the public, particularly
children, from access to the sides of the channel.

RECm~iENDATIONS

Sanitary Engineering

1. Precautions should be taken during relocation of water maiils
to avoid contamination of the water system.

2. Wells that are abandoned should be sealed to protect persons
from falling into them and to prevent contamination of the
ground water supply.

3. Public access to the sides of deep rectan~ular channels should
be restricted in order to reduce the likelihood of falls into
the channel.

Vector Control

In order to ml.nJ.mlZe public health hazards, every possible effort
should be made to avoid creating conditions which will increase populations
of mosquitoes and other arthropods of public health importance. It is
recommended that the following principles and practices be adhered to in the
design, construction, operation, and maintenance of the proposed project.

A. Channel Improvements

1. ·Material excavated from channels and the detention basin should be
disposed of in such a way that it will not result in ponding of water.

2~ Adequate drains should be installed to prevent ponding of water on
berms or behind spoil banks, levees, E!Jld dikes.

3. Diversion channels and drainage ditches should be designed, constructed,
and maintained so that they will concentrate low flows and reduce silt
deposition and subsequent ponding, thereby insuring free flows at
all times. )

4. Underdrains, culverts, inlets, etc., should be placed on grade to
prevent ponding.

S. Sections of natural drainageways that are cut off or bypassed by new
channels should be filled or provided with adequate drains.
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B. Detention 8asins

1. All borrow pits and other potential ponding areas associated with
construction of the dam. relocation of highways or roads, etc., which
are located above maximum pool level should be made self-draining.

2. The normal fluctuation zone of the permanent pool should be con,pletely
cleared except for isolated trees and sparse vegetation along abrupt
shorelines which will be exposed to wave action.

3. BorrOl'1 pits, depressions, and marshes which l'lill be flooded at maxir.lum
pool level and which \'1ould retain water at lower pool levels should be
provided with drains to insure complete drainage or fluctuation of
water within them.

C. i~ater Spreading Areas

1. Borrow areas resulting from construction of the spreading areas should
be made self-draining.

2. The shoreline margins of .the spreading areas should be steep sided to
discourage the growth of vegetation.

3. The areas over which water will be spread should be properly graded to
prevent ponding.

4. If water is ponded on the areas during the mosquito-producing season,
they should be designed and constructed so that a minimum "later depth
of two feet can be nlClintained ill order to minimize conditiolls favor
able for mosquito production.

)

5. Dense vegetation and flotage should be removed periodically fro Iii areas
in which water is ponded for periods of a ''leek or more during the
mosquito-producing season. .. ....

D. Recreational Areas

1. Proper storage, collection, and disposal of refuse should be practiced
in order to prevent and control flies, wasps, other noxious insects,
rats, wild rodents, and other sUiall mammals.

2. All buildings should be rodentproofed at recreational areas where
rodents are prevalent which may create public health hazards.

3. Debris, rubbish, and other materials which may.serve as harborage
for rodents and other small mammals should be removed periodically.

4. Hrush and weeds along paths. trails, road''lays and other areas of
frequent use by visitors should be removed in'order to reduce.the
likelihood of tick infestation.
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APPENDIX A

Biology of Mosquitoes

This discussion is intended to provide only basic infonnation con
cerning some of the more pertinent biological characteristics of mos
quitoes commonly associated with ~ter resource developments. These
mosquitoes represent four important genera or groups: Anopheles, Culex,
Aedes, and Psorophora. All. mosquito species have four distinct stages
in their life cycle: the egg, the larva ("wiggler"), the pupa ("tumbler"),
and the adult. A characteristic cammon to all mosquitoes is that they
live in 'Water continuously from the time the eggs hatch until the adults
emerge. The aquatic stages generally occur in shallow water with an
abundance of vegetation and flotage, and where they are protected from
wave action. They do not occur in the deep open waters of lakes, ponds,
or streams.

On the basis of egg-laying habits, mosquitoes may be divided into
temporary..water and pennanent-~ter species. The Aedes and Psorophora
are temporary water breeders which deposit their eggs on the moist soil
of areas where surface water has receded. Hatching of the eggs is
stimulated by subsequent floodings. The eggs may remain donnant for
long periods, sometimes ror several years if conditions are unfavorable
for hatching. No:rmal.ly, the eggs hatch more or less simultaneously
soon after they are flooded. In contrast, the Anopheles and Culex
usually lay their eggs on the surface of pennanent and sem.ipennanent
bodies of water. The eggs usually hatch within a few days after
oviposition. For both the temporary-water and pennanent-'Water mosqui
toes, time between hatching of eggs and emergence of adults varies with
species and environmental. conditions, especially water temperature.
Development of the aquatic stages may be completed in as little as four
days in hot weather while several weeks may be required in cool weather.
Aedes and Psorophora mosqui toes generally develop more rapidly than the·
Anopheles and Culex.

Adult mosquitoes mate soon after emergence and the females begin
seeking blood meals,. which most species require before laying eggs. The
biting habits of adult mosqui·toes vary with species. Anopheles and Culex
mosquitoes feed mainly at night while Aedes and Psorophora species feed
both at night and in the daytime. Most species exhibit a peak of biting
activity during a one- or two-hour period immediately after sundown. The
Aedes and Psorophora species are aggressive and vicious biters of both man
and livestock. Culex tarsalis, a vector of encephalitis, feeds readily on
a wide range of hosts including man, wild and domestic birdS, and livestock..

The flight range ·01' mosquitoes varies widely with species and en
vironmental conditions. The direction and distance of travel are greatly
influ.enced by availability of food, shelter, and wind conditions. ·Availa
bility of food is probably the most important factor influencing the move
ment of mosquitoes in many areas. If an adequate food supply is close to
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the production sites, adult mosquitoes probably Will not travel far
from their sources. On the other hand, mosquitoes may travel several
miles when adequate food supplies are not available nearer their larval
habitats. The nonnal. flight range of the Anopheles and Culex mosquitoes
is usually considered to be al;lout one mile, although recent studies have
shown that certain species such as C. tarsalis may travel several miles
under certain environmental conditiOns. Most Aedes and Psorophora species
are strong fliers and are known to range several miles from their larval
hab~tats. .
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APPENDIX B

Public Health and Socio-Economic Importance of Vector Problems
Associated ~th Water Resource Developments

Several groups of arthropods and .rodents associated with the de
velopment and utilization of water resources may create serious public
health and socio-econamic problems. These inclUde species that are
vectors of disease organisms or serve as reservoirs of these organisms
or which otherwise interfere with mants health and welfare.

Mosquitoes

Approximately a dozen species of mosquitoes of public health and
socio-economic importance may be produced in habitats associated with
irrigation, impoundments, and other water resource developments. En
cephalitis, commonly known as sleeping sickness or brain fever, is no-q
the most important mosquito-borne disease in the United states. Mosqui
toes obtain the encephalitis viruses from wild vertebrates and then trans
mit them to horses and humans. There are no effective chemotherapeutic
measures for preventing or treating human cases; and scme individuals,
particularly children, who rec·over from encephalitis often suffer penna
nent mental disability. ·Three principal types of mosquito-borne encepha
litis occur in the United States. Eastern encephalitis (EE) occurs
mainly in the Atlantic and Gulf Coast States from New Hampshire to Texas,
but somet1mes extends as far inland as Wisconsin. St. Louis encephalitis'
(SLE) occurs chiefly 'West of the Misljlissippi River and in several of the
Central States. '!be third type, western encephal1tis (WE), is confined
primarily to the states -qest of the Mississippi River.

Culiseta melanura and several species of Aedes mosquitoes are be
lieved to be involved in the transmission of' EE. The principal vector
of both WE and SLE in the Far West is Culex tarsalis, a mosquito which·
is widely distributed west of the Mississippi River. In the Central
States, Culex pipiens and Culex quinquefasciatus are believed to be im
portant in the transmission of SLE. Aedes and other mosquitoes may
also be involved as secondary vectors of· encephalitis. Both western
and St. Louis encephalitis are endemic in many western areas, and out
breaks of WE among horses and of WE and SLE among humans have "been
rather widespread. In recent Years, outbreaks of encephalitis have
occurred in irrigated areas in the Texas High Plains (1956), in the
Intennountain States (1957), in the Lower Rio Grande Valley (1957), in
Utah and New Mexico (1958), and in Wyoming (1960).

The occurrence of. .m.al.aria outbreaks as a result of improperly pre
pared reservoirs in the Southeastern States is 'Well documented. Malaria
has also· been associated with irrigation in several states including
Cali£:ornia, New Mexico, Texas, and in the rice-growing areas of the
Mississippi Delta. This disease has been almost eradicated from the
United StatesJ and at present, there is no significant malaria trans-
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mission anywhere in the Nation. The malaria vectors (Anopheles
quadrimaculatus in _the East and Anopheles freeborn! in the West) are
still prevalent in some areas where favorable habitats are present.
These mosquitoes constitute a potential hazard for the establishment
of new foci of malaria transmission, particularly in situations where
the disease may be reintroduced from foreign countries. This was well
illustrated at Lake Vera in California during the sl.DIlJIl.er of 1952, where
35 cases of malaria occurred among camp Fire Girls. The source of their
infections was traced to a soldier who had an attack of malaria while
camping at the lake.

Several vicious-biting species including Aedes vexans, Aedes' dorsalis,
and Aedes nigromaculis may be produced in habitats associated with irri
gation and other water resource projects. These mosquitoes often create
public health problems aside from the transmission of specific diseases.
Such health hazard$are -illustrated by the results of surveys made by the
U. S. Public Health Service in irrigated areas in northern Montana. In
three-fourths of the families surveyed, mosquitoes severely annoyed both
adults and children and interfered with their normal outdoor activities
during the summer months. Mosquito bites caused some degree of injurious
reaction in 8 out of 10 people interviewed; and in one section, 40% of the
individuals examined by the physician showed evidence of secondary infec
tion of mosquito bites. Scme indiViduals, particularly children, frequently
required medical attention and sometimes even hospitalization for treatment
of secondary infections and occasional allergic reactions caused by mos-
quito bites.

In addition to their public health importance, mosquitoes often
create other serious problems in both rural and urban areas. Their vicious
biting reduces the efficiency of fam workers and sometimes hinders the
harvesting of crops. Dense populations of attacking mosquitoes have been
reported to kill livestock. The constant attacks of even moderate popu
lations of these insects may reduce the vitality of fam an1mals and pre
vent proper feeding, thereby causing reduced weight gains and lower milk
and egg production. Mosquitoes are vectors 01' encephalitis, anaplasmosis,
fowl pox, and several 'other important diseases of aIUmals.· These dis
eases kill large numbers of- fam 'animals each year. Together, mosqUito
annoyance and mosquito-transmitted diseases undOUbtedly result in losses
of millions of dollars to farmers every year.

Large numbers of biting mosquitoes also cause serious economic losses
by reducing the efficiency of industrial workers, lessening the value of
real estate, restricting outdoor recreational activities, and reducing
attendance at outdoor business establishments such as drlvein theatres and
eating places. .

The economic magnitude of the ir:dgation-mosquito problem alone is
illustrated by expenditures for abatement of these insects. For example,
in California over $5,000,000 is spent annually to control encephalitis
and other irrigation mosquitoes and it has been estimated that at least
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twice this amount would be required to provide adequate control through
out the State.. Approximately $200,000 is spent each year for mosquito
abatement in a few irrigated areas in Utah. Many urban communities in
other western irrigated areas spend large sums of money each season for
chemical control to provide partial protection from mosquitoes. Indi
vidual families also spend sizable amounts of money each summer for
household sprays} mosquito repellents} livestock sprays, and medicine
fo:r;- treatment of mosquito bites.. The total cost of controlling irri
gation mosquitoes, together with the other serious economic losses they
cause, rU.ns into many millions of dollars each year. Thus, mosquitoes
are a major economic liability in many irrigated areas.

Other Aquatic Insects

Several other groups of aquatic insects may be produced in suf
ficient numbers in habitats associated with water resource projects to·
create public health and economic problems. Deer flies and horse flies
(Tabanidae) are produced along the margins of impoundments and in seeps
and marshes in irrigated areas.. These insects are vicious biters of both
man and livestock and are· sometimes involved in the transmission of dis
eases such as tularemia and anthrax. Some species of small gnats of the
family Heleidae are also vicioUS biters and often produce severe reactions
and vesicular lesions.. These gnats are produced in damp areas of many
irrigated valleys as well as salt marshes and other wetland are~s. In
certain areas, black flies (Simuliidae) plague both man and livestock
with their irritating and painful bites. They are normally produced in
streams but sometimes occur in large numbers in irrigation conveyance
systems. The small nonbiting midges (Tendipedidae) and the phantom
midges (Chaoborinae) are another group of pestiferous insects which may
be produced in impounded water. These insects are attracted to lights
in tremendous numbers and cause severe human annoyance. An example is
the Clear Lake gnat, Chaoborus astictopus, which creates serious problems
at the resort areas in Lake County, California.

Terrestrial Arthropods and Rodents

. Each summer, many millions of people visit picnic sites} campgrounds,
cabins, and other water-related recreational facilities along the shores
of reservoirs. In addition to mosquitoes and other insects of aquatic
origin, these people are often exposed to terrestrial arthropods such
as ticks, mites, fleas, and flies and rodents including ground squirrels}
rats, mice, and chipmunks.. The public health importance of these arthro
pods and rodents involves a number of human diseases including Rocky
Mountain spotted fever, Colorado tick fever, tularemia, relapsing fever,
tick paralysis, typhus, plague, bacillary dysentery, and typhoid. The
bites of certain arthropods also cause considerable irritation, discomfort,
and annoyance ..
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u.s. ARMY ENGINEER DISTRICT, LOS ANGELES
CORPS OF ENGINEERS

751 South Figueroa Street
Los Angeles 17, California

SPLGP-F

Regional Program Director
Water Supply and Pollution Control
Public Health Service, DREW
447 Federal Office Building
San Francisco, California. 94102

Dear Sir:

8 January 1964

....>:;:- ...
. ..... '."

Your letter of 17 December 1963 containing your report on
the Public Health aspects of our proposed "Interim Report on Survey
for Flood Control, PhoeniX, Arizona, and Vicinity (including
New River)," is appreciated.

The recommendations contained in your report will be considered
in later general design studies or during construction of the proposed
flood-control improvements.

Sincerely yours,

A. R. MARSHALL
Lt. Col-., Corps of Engineers
Acting District Eng1lleer
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UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

Arizona State Office
6029 Federal Building
Phoenix, Arizona 85025

November 20, 1963

District Engineer
U.S. Army Engineer District, Los Angeles
P.O. Box 17277, Foy Station
Los Angeles, California 90017

Reference: SPLGP-F
Dear Sir:

This responds to your letter of November 18, 1963 requesting us to
submit our comments on the Inter~ Report on Survey for Flood
Control, Phoenix, Arizona and Vicinity, (including New River).

The report recommends that the United States adopt a project for the
control of floods along Cave and Skunk Creeks and along the New and
Agua Fria Rivers within the metropolitan area of Phoenix, Arizona.
The recommended plan provides for the construction of four dams, one
each on Cave Creek, Skunk Creek, the New River and Dreamy Draw; the
Union Hills and Arizona Canal diversion channels and the Cave Creek,
Dreamy Draw, Skunk Creek, the New River, and the Agua Fria River
channel improvements.

A review of the report reveals that the proposed project, in addition
to providing much needed flood protection to the metropolitan area of
Phoenix, Arizona, would also provide protection to high-producing,
high-value irrigated croplands. The proposed project if installed
would be of tremendous value to farmers of the flood plain.

The proposed program does not adversely affect the program or planned
program of the Soil Conservation Service. It is a part of the co
ordinated comprehensive flood control program of the County of Maricopa,
Arizona in which the Soil Conservation Service is participating.

Sincerely yours,

o (- \r- -_ '~
~"V-t

Robt. V. Boyle
State Conservationist

cc: E.J. Core
L.A. Hill
W.E. Rhinehart
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

AREA HYDROLOGIC ENGINEER

650 Capitol Mall, Room 8102
Sacramento, California 95&14

December 3, 1963

District Engineer
U.S. Army Engineer District, Los Angeles
P. O. Box 17277, Foy Station
Los Angeles 17, California

Subject: Proposed Interim Report for Flood Control - phoenix
Arizona, and vicinity

Dear Sir:

Mr. Louis R. Jurwitz, Meteorologist in Charge, of the Weather
Bureau Airport Station in Phoenix, Arizona, was asked to review the
above mentioned report. The following are his comments:

"I have carefully reviewed sections of reference report for
climatology and have no corrections or additions to suggest.
In my opinion, the report is well presented. Proposed works,
if accomplished, should provide needed protection to life and
property in the phoenix Metropolitan area.

Due to the erratic nature of flash-flood producing storms and
the limited time between rainfall and runoffs, it is impractical,
at present to provide adequate warning service of possible flood
ing. Recommended projects should provide needed protection from
serious flooding in the Metropolitan Phoenix area, and appear
feasible as evidenced by the ratio of av.erage benefits to annual
charges of 2.9 t~ I."

Sincerely yours,

~

O
r! A..-A1-L..'~. y~ -!~-

•. t '" ....&.~ <.':'~
'. •J

J. van de Erve
Western Area Engineer
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ARIZONA GAME & FISH DEPAR'lMENT

State Office Building Phoenix 7, Arizona 271-4295

December 9, 1963

District Engineer
U.S. Army Engineer, L.A.
P.O. Box l7277,Foy Station
Los Angeles 17, California

Dear Sir:

We appreciate the opportunity to comment on your Interim Report
in relation to deVelopment of Phase B, the proposed Phoenix and Vicinity
(Including New River) Flood Control Project.

'!he primary objectives of Phase B will be the construction of
four flood water detention basins with a combined capacity of 88,150
acre-feet, 22.75 miles of diversion channels and 29.1 miles of
channelization along existing ~iyer beds.

No storage for water conservation is presently provided for in
any of the flood water detention structures. Plans call for ungated
spillway outlets. We feel that some. provision should be made in the
initial planning to allow for future consideration and possible expan
sion in the event a. conservation pool is feasible. The various flood
control projects so designed and authorized do not provide adequate
storage to consider fishing. We note with interest that recreation,
however, has been planned into these developments under the multiple
purpose features. Without storage, recreation would be liinited.

Fishing is non-existent now, and with the project, as it is
currently written, no fish habitat will be cre~ted. The poss1bility
of storage in the Cave Buttes and Lower New R1ver should not be over
looked. The latter may necessarily be disqualified because of the
porous land formation in that area.

:::;; :, .

... li-* .~ ".
- : ,"

• 1'"" ",_",:: •

'';'' ....,.....':-.

However, until there are definite findings from core drilling
and other engineering investigations to eliminate Lower New Hiver,
thi s area still remains of vital interest to us. '!his was emphasized
in Mr. Arrington's letter to you of June 13, 1963, in which it was
pointed out that a minimum pool at elevation 1430 would create a
612 surface acre lake ,with 8,000 acre-feet capacity.

According to our findings, the Cave Buttes site has 193 square
miles drainage. 'lhe area above the old dam has 162 square miles of
drainage. Although the additional 30 square miles of drainage at the
lower Cave Buttes site is not appreciable, it does collect water from
an area to the east. It seems possible a greater depth will occur at
the lower site with the same amount of water.

5-44

)

',:. : :.;~ .



District Engineer -2- December 9, 1963
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With the possibility of water from other sources, some exchange
program might be developed whereby a conservation level behind the
detention dams could be maintained. During flood periods and runoff',
water can then be returned by release to the canaJ.s. This was dis
cussed several times with representatives of various agencies and the
idea did not appear to be too far out of line.

Potential wildlife habitat lOGses within the flood water reten
tion area cannot be disregarded as insignificant. In the river bottoms,
a great concern is felt for the riparie,n vegetation along the ·water
courses. We are fully aware of the need for developing more effective
water conservation measures. At the same time, we are providing maxi
mum populations of huntable game for the ever increasing hunter
population and demand.

Many species of game birds and animals inhabit these areas,
especially the upland game species. In the sparsely vegetated desert
regions, the significant growth along washes and stream courses provide
the only protective cover for these animal s.· Elimination of any
vegetation will have a def:lnite effect on the existing wildlife and the
potential wildlife production in these areas.

Again, we wish to express our appreciation for the opportunity
to offer comments and suggestions on this phase of the project.

Sincerely,

R. J. Smith, Director

/s/

By: John P. Russo
River Basin Supervisor

JPR:ms

cc: Field Supervisor
U.S. Fish & Wildlife sere
Branch of River Basin Studies
Phoenix, Arizona
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SPLGP-F.

u.s. ARMY ENGINEER DISTRICT, LOS ANGELES
CORPS OF ENGINEERS

751 South Figueroa Street
Los Angeles 17, California

30 December 1963

Mr. R. J. Smith
Director
Arizona Game and Fish

Department
State Office Building
Phoenix 7, Arizona

Dear Mr. Smith:

Reference is made to your letter of comment of 9 December 1963,
regarding our proposed interim :report for flood control, Phoenix,
Arizona, and vicinity (including New River).

You point out that some. provision should be made in the initial
planning to allow for ~ture consideration and possibJ.e expansion of
fish and wildlife in the event a conservation pool is feasible. You
indicate that the possibility of water-conservation storage in the
Cave Buttes and New River detention basins should no't be overlooked.
You also indicate concern for the elimina'tion of vege1;ative growth
and subsequent po'tential wildlife-habitat losses within the detention
basin areas and along the wa'ter courses.

With respect to the latter commen't, serious consideration will
be given, in developing detailed plans, to providing a minimum
~s1;urbance of tr.ees and shrubs.

This office gave consideration to developmen't of fish and wild
life and recreation facili'ties at the proposed reservoir si'tes. We
found 'tha't because of the low average annual yield, the high evapora
'tion, and the large inf'iltra'tion losses, fish and wildlife or
recreation facili'ties 'tha't could be developed would be minor and
probably could no't be justified.

In addition, the Gran!'te Reef aqueduc't of the Central Arizona
project, proposed by the Bureau of Reclamation, crosses New River,
Skunk Creek, and Cave Creek in the vicinity of the proposed detention
basins. A defini'te location for this aqueduct has no't been determined
and all features of the ~eau project have not been firmed. With the
importa'ti0n of Colorado River water to the area, the proposed deten
tion basins probably could be adapted for multiple-purpose use with
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SPLGP-F
Mr. R. J. Smith

30 December 1963 ..
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mutual advantages for the Central Arizona project aqueduct facilities,
the future municipal water supply treatment and distribution. facili
ties of the city of Phoenix supplied by the Central Arizona project,
recreation plans of the Maricopa County Parks and Recreation Depart
ment, and fish and wildlife facilities to be developed jointly with
your office and the U.S. Bureau of Sport Fisheries and Wildlife.

This office has not made further studies of fish and wildlife
and recreation development under present water supply conditions
because of: (1) the apparent minor aspect of a fish and wildlife
and recreation program under conditions whereby water Stipplies would
be limited to the natural flows of the streams inVOlved; (2) the
probability that importation of water from the Colorado River under
the Central Arizona project would enhance the opportunity to develop
fish and wildlife and recreation resources; and. (3) the inability to
develop detailed plans utilizing Colorado River water until firm
plans are developed by the Bureau of Reclamation. Addition. of fish
and wildlife and recreation facilities would not appreciably change
the overall conclusions of the report. However, you can be assured
that if the Phoenix project is authorized for construction, detailed
consideration will be given to fish and wildlife and recreation
aspects in the definite pro ject studies, to assure that maximum
development at the proposed detention basins is achieved.

Sincerely yours,

/s/ A. R. MARSHALL
Lt. Col., Corps of Engineers
Deputy District Engineer
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January 9, 19.64.

Colonel Earl G. Peacock
District Engineer
u. S. A:rm:y Engineer District~ Los Angeles
p. O. Box 17277,Foy Station
Los Angeles 17, California

Subject: Your File SPLGP-F
Flood Control ~ Phoenix, Arizona and Vicinity

Dear Colonel Peacock:
/

In accordance with your letter of November 18, I have reviewed
the Interim Report for Flood Control, Phoenix, Arizona and
Vicinity (including New River).

The following State agencies which will be involved with the
proposed plan have expressed their views as noted below:

The Arizona Game and Fish Department are concerned
over the affect of the program on wildlife and are
also interested in the development of recreational
areas as expressed in their letter of December 9
to you.

The State Land Department will cooperate with the
Flood Control District in securing rights-of-way
across State lands.

The Arizona Highway Department will cooperate with
the Corps in their preparation of plans for the pro
posed crossings of State highways.

I also strongly recommend that all possible consideration be
given to any modifications which would permit development o·f
multiple purpose features.

)

~."':""..~
" :~ ..... ' ...~

:~ ; -:.. ' . '. :~
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Colonel Earl G. Peacock January 9, 1964
District Engineer, L.A.
Subj: SPLGP-F

Flood Control - Phoenix, Ariz. and Vicinity

Pa.ge 2

,)

The comprehensive plan of flood control has been shown to be
economically feasible and conforms to the interests and needs of
the Phoenix area. I therefore concur with the recommendations
as expressed in the Interim Report.

Very truly yours,

////?~~
MARTIN TONEY r
Engineer of Bridges & Dams

W:/ff

cc: Governor Fannin
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u.S. ARMY ENGINEER DISTRICT, LOS ANGELES
CORPS OF ENGINEERS

751 South Figueroa Street
Los Angeles 17, California

SPLGP-F 17 January 1964

Mr. Martin Toney
Engineer of Bridges and Dams
Arizona Highway Department
1739 West Jackson Street
Phoenix, Arizona 85007

Dear Mr. Toney:

Reference is made to your letter of comment dated 9 January 1964,
regarding our proposed interim report for nood control, Phoenix,
Arizona, and vicinity (including New River).

You point out that the Arizona Game and Fish Department is
concerned over the effect of the proposed flood-control program on
wildlife and is also interested 1n the development of recreation
areas. In our reply to the Director of the Arizona Game and Fish
Department, we pointed out that this office gave consideration to
development of fish and wildlife and recreation facilities at the
proposed reservoir sites. We found that under present conditions,
wherein water supplies were limited to the natural flows of the
streams involved, fish and wildlife or recreation facilities that
could be developed would be minor and probably could uot be
justified because of the low average annual yield of the streams
involved, the high evaporation, and large infiltration losses that
would occur in the reservoir areas.

However, we ·noted that the Granite Reef aqueduct. of the Central
Arizona project, proposed by the Bureau of Reclamation, crosses New
River, Skunk Creek, and Cave Creek in the vicinity of the proposed
detention basins. A definite location for this aqueduct has not been
determined and all features of the Bureau project have not been
firmed. With the importation of Colorado River water to the area,
the proposed detention basins probably could be adapted for multiple
purpose use with mutual advantages for the Central Arizona project
aqueduc~ facilities; the future municipal water supply treatment and
distribution facilities of the city of Phoenix, supplied by the
Central Arizona project; recreation plans of the Maricopa County
Parks and Recreation Department; and fish and wildlife facilities,
to be developed jointly with the Arizona Game and FiSh Department
and the U.S. Bureau of Sport Fisheries and Wildlife.

\
.'
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SPLGP-F
Mr. Martin Toney

17 January 1964
.y.

)

.J

As indicated to the Director of the Arizona Game and Fish Depart
m~nt, this office has not made further .studies of fish and wildlife
and recreation development under present water supply conditions
because of: (a) the apparent minor aspect of a fish and vildlife and
recreation program under present conditions; (b) the probability that
importation of water from the Colorado River under the Central Arizona
project would enhance the ~rtunity to develop fish and wildlife and.
recreation resources; and (c) the inability to develop detailed plans
utilizing Colorado River water until firm plans are developed by the
Bureau of Reclamation. Addition of fi sh and wildlife and recreation
facilities would not appreciably change the overall conclusions ;of
the report. However, we can assure you that, if the Phoenix prOject
is authorized for construction, detailed consideration will be given
to fish and wildlife and recreation aspects in the definite project
studies, to assure that maximum development at the proposed detention
basins is achieved.

The expressions of cooperation of the State Land. Department in
securing rights-or-way for local interests and of the Arizona Highway
Department in preparation of plans for proposed crossings of state
highways are appreciated.

Sincerely yours,

/ s/ SHEL'IDN B. BILES
Major, Corps of Engineers
Assistant District Engineer
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APPENDIX 6 • RESOLUTION BY LOCAL INTERESrr-S

PHOENIX" ARIZ." AND VICINIiY (INCWDING N»l RIVER)
GIIA RIVER BASIN" ARIZ. AND N. MEX.

RESOWTION OF MARICOPA COUNTY FLOOD CON'IROL DIS'lmCT

WHEREAS, Act of Congress" Public Law 161, Seventy-fi.fth
Congress" approved June 28, 1938" authorized a pre11m1nary examina
tion and survey for flood control ell the Gila River and tributaries,
Arizona and New Mexico;

WHEREAS, a flood-control project for Phoenix, Arizona and
vicinity is being considered in an interim report under preparation
by the District Engineer, U.S. Army Engineer District at Los
Angeles, California.;

WHEREAS, protection against flood damage would be provided to
urban and agricultural lands in the Phoenix metropolitan area by
flood control improvements under consideration for construction by
the United States;

WHEREAS, Section 3 of Public Law 138, Seventy-fourth Congress"
provides that no money appropriated shall be expended on the con
struction.of any project until States, political subdivision
thereof, or any other responsible local agencies have given assur
ances satisfactory to the Secretary of the Army that they will
assume certain enumerated obligations;

WHEREAS, Title 45, Chapter 1.0, Section 45-2360 of the Arizona
State Water Code authorizes the Board of Directors of any Flood
Control District to co-operate with the United States in the
construction of flood-control works.

WHEREAS" the Board of Directors ot Ilhe Flood Control·District
of Maricopa CoUnty has considered the need for flood control in the
Phoenix metropolitan area; and has agreed that it go on record
supporting the flood-control program under consideration by the
United States Army Engineers.

NCM, THEREFORE, BE IT RESOLVED by the Board of' Directors of'
The Flood Control District of Maricopa County, Arizona" that, if a
flood-control project consisting ot detention basins on Dres=1
Draw" Cave Creek" Skunk Creek" and New River; a diversion channel
general.ly Parallel to and north of' Bell Road; a diversion channel
Parallel to 8.nd just upstream from the Arizona Canal from 12th
Street to Skunk Creek; and improved channel along Cave Creek,
Dreamy Draw" Skunk Creek, New River and Agua Fria River be found
economically f'easible and be authorized by act of' Congress" the
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Flood Control District of Maricopa County will participate to the
best of its ability by assuming the following obligations:

a. Acquire and provide, without cost to the United States,
all landS, easements, and rights-or-way necessary for the construc
tion of the project, at a cost presently estimated at $7;320,000.

b. Perform, without cost to the United States, all necessary
relocations of highways and roads (including bridges), utilities,
and all necessary street modifications required in connection with
the project, at a cost presently estimated at $3,000,000.

c. Hold and save the United States or any instrumentality,
department or agency thereof, :tree :trom any damages arising :trom
construction, maintenance, and operation of the work.

d. Maintain and operate, upon completion, all works in
accordance with regulations to be prescribed by the Secretary of
the Army.

e. Establish and enforce flood-channel limits and regulations,
satisfactory to the Secretary of the Army, for the preservation of
the flood-carrying capacities· of the proposed improvements.

BE IT FURTHER RESOLVED that this resolution be entered in the
minutes of the Board of Directors of the Flood Control District of'
Maricopa County and in the minutes of the Board of Supervisors of
the County of Maricopa and that the Clerk of said County be, and he is
hereby directed to forward a certified copy of' this resolution to
the District Engineer, U.S. Army Engineer District, Los Angeles,
Corps of Engineers, P.O. Box 17277, Foy Station, Los Angeles 17,
California.

PASSED AND APPROVED this 4th day of November, 1963.

/~ B. H. B~ns
ChaiI'D!an of the Board of Directors
of the Flood Control District of
Maricopa County

ATrEST:

/ s/Rhea Averill
Clerk of 'the Board
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PHOENIX, .ARIZ., AND VICINITY (INCLUDING NEW RIVER)
GILA RIVER ]ASm, ARIZ. .AJ.'ID N. ME}{.

Information called for by
Senate Resolution 148, 85th Congress

Adopted January 28, 1958

1. Problems considered.--A serious flood problem exists along
Dreamy Dr~w, Cave Creek, and Skunk Creek and along the New and the
Agua Fria Rivers, which are the major streams under detailed consid
eration in this report. Until recently, floods along Dreamy Draw
and Cave Creek rarely caused large damages, mainly because of the
predominantly agricultural development in the overflow area. How
ever, with the population explosion in the Phoenix metropolitan
area - particularly si~ce 1950, the flood-damage potential has
increased tremendously. The flood channels of Dreamy :draw and
Cave Creek disappear at the Arizona Canal and not even a trace of
a stream is evident downstream. The area dOvlIlstream from the canal
is now intensively developed with urban-type property - predomi
nantly residential, commercial, and industrial improvements. Floods
along Skunk Creek, the New River, and the P~ua Fria River cause
damage to mainly agricultural-type property, except at the commu
nities of Peoria and Avondale.

2. Damage to property in the overflow areas is caused princi
pally by inundation and debris deposition. The floodflows result
primarily from local thunderstorm rainfall of high intensity and
short duration. Along the New River and the Agua Fria River,
severe bank and surface erosion occurs. Inu.."1dation damage ",'ill
also cause severe disruption of activities, both inside and outside
the flooded area. Because of the continued growth in the overflow
area, damages will be greater under future conditions than under
9resent conditions.

3. Water-conservation problems or other problems related to
flood prcblems are not of sufficient magnitude to warrant detailed
investigation in connection with this flood-control survey.

4. Recommended improvement.--The recommended plan of flood
control improvement provides for (a) four dams and detention basi~s 
one each on Cave Creek, Sk>.:nk Creek, the New River,and Dreamy
~raw; (b) the Union Hills and the Arizona Canal diversion channels;
end (E)-the Cave Creek, the Dreamy Draw, the Skunk Creek, the
l;ew River, and the Agua Fria River channel improvements. The plan
provides for controlling as much of the flocdflow as possible in
the drainage area involved; for diverting residual flows in Cave
Creek and severe.l small washes to Skl1l1k Creek; and. for improving
S£~nk Creek, the New River, and the Agw~ Fri~ River to carry these
residual flows to an adequate point of disposal in the Gila River.
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5. Pertinent information on each of the units of improvement
under the recommended plan is given in the following sUbparagraphs.

(~) Cave Buttes detention basin.-:"The Cave Buttes detention
basin would be constructed about 2 miles dOvffistream from the exist
ing Cave Creek Dam. The main embankment would be a compacted
earthfill structure with a maximum height of about 120 feet above
streambed. The crest of the dam ,muld be about 2,100 feet long.
Two earthfill dikes, about 12,100 feet in total length, would be
required. The detention basin, which 'l.,ould have a capacity of
28,800 acre-feet at spillway crest, would'bedesigned to reduce
a standard project flood with a peak inflow of 79,000 cubic feet
per second to an outflow of 5,400 cubic feet per second.

(b) Cave Creek channel. --The cave Creek channel "Tould be a
trapezoida~ concrete-lined channel about 3.6 miles long, extend
ing from the outlet of the proposed Cave Buttes Dam to the pro
posed Union 'Hills diversion channel. The channel, which would h3ve
a bottom width of 10 feet and a depth of about'lO feet, would
accommodate a discharge of 6,000 cubic feet per second. The entire
channel would be excavated below natural ground. No bridges or
utility relocations are expected.

(~) Union Hills diversion channel.--The Union Hills diver
sion channel would be a trapezoidal concrete-lined channel about
9-3/4 miles long, extending from the divide between the Cave Creek
and Indian Bend Wash drainage areas, near 40th Street, to Skunk
Creek. The channel 'll1ould haYe bottom "Tidths ranging from 15 to
60 feet and depths ranging from 10 to 18 feet. The design dis
charge of the channel would range from 2,000 cubic feet per second
at the upstream end to 13,400 cubic feet per second at the do'lvn
stream outlet into Skunk Creek. The channel would be excavated
entirely below natural ground. Seven bridges - one each at
32nd street, Union Hills Drive, Cave Creek Road, 7th street,
19th Avenue, Black Canyon Highway, and 35th Avenue - 'l'Tould be
required. About 1,800 feet of Union Hills Drive would be relocaJeed.

(d) Dreamy Draw detention basin.--The Dreamy Draw detention
basin would be constructed in Dreamy Dra", just south of Shea
Boulevard and 1 mile east of 16th Street. The main embankment
vTould be a compacted-earthfil1 structure with a maximum height
of about 50 feet above stre8.mbed. The crest of the dam would
have a length of 480 feet. Tuo earthfill dikes, viith a total
le~gth of 1,800 feet, would be required. The detention basin,
\·Thich vTould have a capacity of 450 acre-feet at the spillway
crest, is designed to reduce a standard project flood with a
peak inflow of 2,180 cubic feet per second to an outflow of
100 cubic feet per second.

(e) Dreamy Draw channel. - -The Dreamy Drau channel would be a
rectangllIar concrete channel with a 10-foot base width, extending
from the Dreamy Draw detention-basin outlet to the Arizona Canal
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diversion channel, a length of about 3-1/2 miles. The design
capacity would range from 100 cubic feet per second at the upstream
end to 1,500 cubic feet per second at the downstream end. The
channel, 'Which viould be excavated entirely below the natural g:;"O'lli13}

would have depths ranging from 7 to 9 feet. Bridges at Shea
Boulevard, 16th Street, l'linter Drive, 14th Street, Belmont Avenue,
and 12th Street 'Would be required.

(f) Arizona Canal diversion channel.--The Arizona Canal
diversion channel, 'Which 'Would be just upstream from the Arizona
.Canal and nearly parallel to that canal, would extend from Dreamy
Dra'W to SkxuL~ Creek. The channel would comprise a 2-mile-long
rectangular concrete section at the upstream end and a 10-mile
long trapezoidal earth section at the downstream end. The rec
tangular channel would have bottom widths ranging from 10 to
50 feet and depths ranging from 8 to 18 feet. The trapezoidal
earth section would have bottom widths ranging from 20 to 220 feet
and depths ranging from 8 to 20 feet. The design capacity of the
channel would range from 1,500 to 18,500 cubic feet per second.
Bridges would be required at 7th Street, Central Avenue, 7th Avenue,
19th Avenue, Black Canyon Highway, 43rd Avenue, 51st Avenue,
59th Avenue, and Northern Avenue.

(~) Adobe detention basin.--The Adobe detention basin 'Would
be constructed on an unnamed tributary of Skunk Creek, about
7 miles north of Bell Road and about 1 mile 't.,rest of the Black
Canyon Highway. The embankment "Tould be a compacted-earthfill
structure with a maximum height of about 76 feet above streambed.
The crest of the dam would have a length of 3,850 feet. The
detention basin, which would have a capacity of 19,400 acre-feet,
"muld reduce a standard project flOOd "lith a peak inflow of
50,000 cubic feet per second to an outflow of 2,000 cubic feet
per second. A diversion channel about 2-1/2 miles long would be
excavated in earth in divert a standard project flood on Skunk
Creek to the Adobe detention-basin area. . Construction of the diver
sion channel would require construction of a bridge for the Black
Canyon Highway.

(!!) Skunk Creek channel. --The Skunk Cr~ek channel 'Would be
a concrete-lined trapezoidal channel constructed along Skunk Creek
from a point just upstream from the outlet of the Union Hills
diversion channel downstream to a confluence with the New River,
a distance of about 6-1/2 miles. The channel vTould have a design
capacity ranging from 24,400 to 41,400 cubic feet per second,
base vTidths ranging from 15 to 40 feet, and depths ranging from
10 to 23 feet. Bridges at 59th Avenue, Bell Road, and 83rd Avenue
would be required; and about 2,000 feet of Union Hills Drive would
be relocated.

(.!.) New River detention basin. --The New River detention basin
would be constructed on the New River about 8 miles upstream from
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the mouth of Skunk Creek. The main embankment '\-"ould be a compacted
earthfill structure vith a maximum height of .about 80 feet above
streambed. The cl'est of the embankment vould be 2,700 feet long.
An earthfill dike about 4,900 feet long would be required a10ug the
west edge of the detention-basin area. The detention basin, which
would have a capacity of 39,500 acre-feet, would reduce a standard
project flood ~ith a peak inflow of 60,000 cubic feet per second
to an outflow of 1,000 cubic feet per second.

(J) Ne'\-rRiver channel improvement. --The improved chan:lel for
the New River Y!ould extend from the mouth of Skunk Creek dmmstream
to the confluence with the Agua Fria River, a distance of about
8 miles. The channel, which would be excavated in earth, would
have revetted side slopes. The channel would be a trapezoidal
section with bottom widths ranging from 400 to 800 feet and depths
ranging from 8-1/2 to 11 feet. The design capacity of t~e chan.'1el
would range from 53,400 cubic feet per second at the U.S. Highway
No. 60 cross~ng of the channel to 58,000 cubic feet per second at
the mouth of the New River. The Sante Fe railroad, the U.S. Highway
No. 60, and the Glendale Avenue bridges would require modification.
Dip crossings woulQ be required at Thunderbird R0ad and at Peoria,
Northern, and Olive Avenues.

(~) Agua Fria channel imnrovement. --An excavated earth
channel 'Pould be constructed in the Agua Fda River for a distance
of 7-1/2 miles from the mouth of the New River to a point about
2 miles downstream (south) of the bridge for U.S. Highway No. 80.
The channel would be a trapezc~dal section with base widths rang
ing from 800 to 1,500 feet and depths ranging from 8-1/2 to 10 feet.
The design capacity of the channel would range fTom 70,000 to
74,000 cubic feet per second. About 1/2 mile of El Mirage Road
would be relocated. Dip crossings would be provided for Van Buren
Street and for Indian School, Thomas, and McDovTell Roads.

6. Each of the detention basins would be designed to contrel
a standard project flood from the drainage area upstream from the
dam. Each of the diversion channels and the other channel improve
ments would be designed to control the runoff estimated to occur
on an average of about once in 100 years. Floods of these magni
tudes, although only about 46 percent of the sta:ldard project flood,
are larger than any know~ flood of record in the metropolitan area.
The capacities of the recommended channels would be considerably
more than the nondamaging capacities of the existing washes.
Improvements under the recommended plan would prevent about
89 percent of the total average annual damages in the overflow
areas along Dreamy Draw, Cave Creek, and Skunk Creek; along the
New and the Agua Fria Rivers; and along the small washes between
Cave Creek and the Agua Fria River. Most residual damages "lould
result from flows originating downstream from the proposed works.
The economic life of each project unit is considered to be 100 years.
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7. Project costs. --The estimated.°Ji"rst costs for· the recom
mended project, based on October 1963 prices, are given in the
following table:

Estimated first costs of recommended roject - Phoenix Ariz. and
vicinity including New River

...
XP..... ()()-' •
'<':~".

.>
Item Estimated

first costs

Federal (construction of channels and detention :
basins) .....••...•......•.••....•.....•••...•..•... : $59,680,000

Non-Federal (rights-of-way and relocations) ..•.•..... : 11,120,000

Total.......•..................•.....•.••....... : 70,800,000

8. T~e a:"erage.a~ualcost ,(all non-Federal) for maintenance
and operat~on ~s est~rne.l>ed ~t $22.J,000 Preauthorization costs
of $275,000 already expended are not included in the preceding
estimates.

9. Benefit-cost ratio.--Average annual costs and benefits
and benefit-cost ratios for the recommended project, developed on
the basis of an economic life of 50 y€ars and an economic life of
100 years, are given in the following table. An interest rate of
3 percent was applied, and October 1963 prices were" used.

Pertinent information on average annual costs and benefits and
benefit~cost ratios for recommended project - Phoenix, Ariz.,
and vicinity (including New River)

Item Life of project
100 years 50 years

i:iaintenance and operation :
(non-Federal) .....•.•••••••.•••.•• : .228,000

Average annual costs:
Interest and amortization

)

..
(Federal) . ,. :

Interest and amortization :
(non-Federal) ..•..•..••.•••••.•••. :

$1.,927,000

581,000

$2,367,000

665,000

228,000

Total eo ••••••••••••• : .2,736,000
(Say) .....••..•.•••••...•••••••• : 2,740,000
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Pertinent information on averae'e annual costs and benefits and
benefit-cost ratios for recommended project - Phoenix. Ariz. I

and vicinity (including Ne~ River)-_eontinued

Item Life of project

100 years 50 years

Average annual benefits:
Prevention of flood damages •••••••••••• : $7,750,000
Increased utilization of land•••••••••• : 460aOOO

Total : 8,210,000

$5,830,000
.420,000

Ratio of benefits to costs •••.••••••••••• : 3.0 to 1 1.9 to 1
',." :,:;:"

10. Intangible project effects.--11any benefits not susceptible
of monetary evaluation ~ould accrue from the operation of the
improvements considered in this report. Such benefits l.Jould include
reduction of the.danger of loss of life from floods. Loss of life
has occurred in the Phoenix area in previous floods; ~ith the
rapidly increasing development in the overflo~ area, the danger of
loss of life is increasing. Other intangible benefits ~ould result
from (.!!) prevention of such interruption of services from the
Arizona Canal as ~ould occur ~hen the canal is emptied to perform
flood-eontrol diversion during rainstorms or is breeched by
floodflo~s; (g) reduction of epidemics caused by flood damages to
se~er and ~ater systems; (Q) prevention of interruptions to traffic,
business transactions, public utilities, home life, and school and
other normal community activities; and (g) preservation of community
morale by reducing the fear of floods in the overflo~ areas.

11. Current and future needs.--The recommended project is
feasible from an engineering standpoint. The project improvemerl'ts
~ould provide substantial flood protection to Co!!) lands and
improvements along Dreamy Dra~ and Cave Creek, includir..g an
intensively developed urban area of residential, commercial, public,
and utility property, and (E) property subject to sheet flo~ in
the lo~er Deer Valley area. The improvements ~ould also supply
flood protection to agricultural property along Skunk Creek, the
Ne~ River, and the Agua Fria River and to 'l<.rban property in the
communities of Peoria and Avondale on the Ne~ and the Agua Fria
Rivers, respectively. The improvements ~ould also provide benefits
~rom increased ut~lization of land for about 1,840 acres in the
overflow area of Cave Creek. Construction of the improvements would
permit the development of this land to its full potential by urban
type residential and commercial property.
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12. The project plan is an integral part of the comprehensive
flood-control plan for the Phoenix metropolitan area. The improved
channels, particularly the channels in the NeVJ and the Agua Fria
Rivers, would provide a majer outlet for a'local storm-drai!! syste:.lTI,
The project improvements should meet foreseeable justifiable flood
control needs of that part of the Phoenix metropolitan area that is
affected by Dreamy Draw, Cave Creek, Skunk Creek, the NeVJ and the
Ague Fria Rivers, and the small VJashes betVJeen Cave Creek and the
Agua Fria River.

13. If the Central Arizona project is authorized by Congress,
the U.S. Bureau of Reclamation VJould construct an aqueduct across
the drainage areas under consideration in this report. Considera
tion has been given to coordinating flood-protection VJorks for
that aqueduct with flood-control improvements under the comprehen
sive plan for the Phoenix metropolitan area.

14. Consideration VJas given to inclusion of fish, VJildlife,
and recreational facilities as part of the improvements recommended
in this report. HO\olever, under present conditions, with VJater
supplies limited to the natural flows of the streams under considera
tion, storage for VJater conservation or VJaterpo\oler could not be
justified. In addition, fish-and-wildlife or recreational facilities
that could be developed VJould be minor and probably could not be
justified because of the low average annual yield of the streams
involved and the high evaporation and large infiltration losses
that lNould occur in the reservoir areas. Under present conditions,
recreational development at the detention basins probably would be
limited to land-based recreation, such as day camping, picnicking,
riding, and hiking. Such recreational facilities - if desired by
local interests - VJould be so constructed, operated, and main·~ained

by local interests as to be compatible lNith the project purpose.
HOlNever, the Granite Reef aqueduct of the Central Arizona project,
proposed by the Bureau of Reclamation, lNould cross the New River,
Skunk Creek, and Cave Creek in the vicinity of the proposed dete,:1
tion basins. A definite location for this aqueduct has not been
determined and all features of the Bureau project have not been
firmed. \olith the importation of Colorado River l-Jater to the area,
the proposed detention basins probably could"be adapted for
multiple-purpose use lNith mutual 'advantages for the Dentral Arizona
project aqueduct facilities; for those futtn"e municipal lNater-supply
treatment and distribution facilities of the city of Phoenix that
VJould be supplied by the Central Arizona project; for the recrea-
tional plans of the Maricopa County Parks and Recreation Departmer.tj
and for the fish-and-\oIildlife facilities to be developed jointly by
the Arizona Game and Fish DeDartment and the U.S. Bureau of Sport
Fisheries and 1rlildlife. No detailed studies of fish-and-lNildlife
or recreational facilities 'Were, therefore, made under present
VJater-supply cor.ditions. The addition of such facilities \oIould not
appreciably change the overall conclusions of the report.
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Modification of the improvements recommended in this report \oJould
be made in the definite-pro$ect studies after the Central Pxizona
project plans are firmed, and0upon determination of the econ0~ic

justification of the additional facilities required. The
recommended plan could also b'e; modified to permit some floodflo'Ws
to be delivered to existing canals downstream from the improvements
or to water-spreading areas if local interests desire such
facilities. The modification could be made at such time as desired
by using agencies of local:interests who "lould be ,~illing to pay
the added expense. AIL lands:. for construction of improvements
under the recommended plan Hould be supplied by local interests.
These lands would be administered by local ~terests in connection
'With their operation and maintenance of the project.

J ~ •
~.'.

15. Allocation of costs. --The recommended plan would provide
for a single-purpose flood-control improvement. No allocation of
costs between purposes '.Jould be involved.

16. Local cooperation.--The terms of local cooperation for
the recommended project would provide that, prior to construction,
local interests would supply assurances satisfactory to the
Secretary of the krmy that they "Jill (~) acquire and provide 
without cost to the United States - all lands, easements, and
rights-of-way necessary for the construction and subsequent main
tenacce and operation of the project; (£) perform - \olithout cost
to the United States - all necessary relocations of highways, roads,
bridges, and utilities and all necessary street and highway
modifications required in connection with construction of the
flood-control '.Jorks; Cg) hold and save the United States free from
any damages due to the construction works; (g) maintain and operate
all the works, after completion, in accordance with regulations to
be prescribed by the Secretary of the Army; (~) prevent any
encroachment upon the improved channels or within the detention
basin areas that would reduce their flood-carrying capacity; and
(f) hold and save the United States free from all damages arising
from water-rights claims resulting from construction, maintenance,
and operation of the project. These terms are in accordance with
provisions of flood-control law for local-protection projects.

17. Extent of interest in project.--Local interests desire
protection from floods and prevention of resultant flood losses
along Dreamy Draw, Cave Creek, and Skunk Creek; along the Ne\oJ and
the Agua Fria Rivers; and along the small '.Jashes between Cave Creek
and the Agua Fria River. The improvements they desire would also
permit full development of certain lands within the overflow area
and \-lould eliminate interruptions to highwa.v, irrigation, and
utility services and to normal community activities. Local interests
have given assurances of their cooperation in the project. Their
interest in flood-prevention improvements in the area is indicated
by the establishment of a flood-control district and by the
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formulation and adoption of a comprehens:i~eplan for flood control
for the entire area. The Cave Creek Dam~,:upstream from the
proposed Cave Buttes Dam, was built by 10c'a} interests in l·farch 1923
at a cost of $550,000. Local interests, ·t:o."June 30, 1963, have
expended an additional amount estimated. s't' almost $9,000,000,
principally in Phoenix and the adjacent"ar.eaj'.for various f10OO-
control works. ;~,:

18. Other plans considered.--Loca1'interests also requested
consideration of a multiple-purpose dam provid'ing for water
conservation and flood-control storageon'~the:.upperNew River about
3 miles north of the settlement of Ne~ River •..~ -However, such a dam
was not considered in detail because of themirior flood-control
benefits that would accrue, as compared with the larger f1ood
control .benefits that would accrue from a.~eten~ion basin at a
site farther downstream. :'.
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diversion channel, a length of about 3-1/2 miles. The design
capacity would range from 100 cubic feet per second at the upstream
end to 1,500 cubic feet per second at the downstream end. The
channel, which would be excavated entirely below the nutural gl'OlU,5,
would have depths ranging from 7 to 9 feet. Bridges at Shea
Boulevard, 16th Street, Winter Drive, 14th Street, Belmont Avenue,
and 12th Street would be required.

(f) Arizona Canal diversion channel.--The Arizona Canal
diversion channel, which would be just upstream from the Arizona
Canal and nearly parallel to that canal, would extend from Dreamy
Draw to SkUILk Creek. The channel would comprise a 2-mile-long
rectangular concrete section at the upstream end and a 10-mile
long trapezoidal earth section at the downstream end. The rec
tangular channel would have bottom widths ranging from 10 to
50 feet and depths ranging from 8 to 18 feet. The trapezoidal
earth section would have bottom widths ranging from 20 to 220 feet
and depths ranging from 8 to 20 feet. The design capacity of the
channel would range from 1,500 to 18,500 cubic feet per second.
Bridges would be required at 7th Street, Central Avenue, 7th Avenue,
19th Avenue, Black Canyon Highway, 43rd Avenue, 51st Avenue,
59th Avenue, and Northern Avenue.

(~) Adobe detention basin.--The Adobe detention basin would
be constructed on an unnamed tributary of Skunk Creek, about
7 miles north of Bell Road and about 1 mile west of the Black
Canyon Highway. The embankment would be a compacted-earthfill
structure with a maximum height of about 76 feet above streambed.
The crest of the dam would have a length of 3,850 feet. The
detention basin, which would have a capacity of 19,400 acre-feet,
would reduce a standard project flood .1ith a peak inflow of
50,000 cubic feet per second to an outflow of 2,000 cubic feet
per second. A diversion channel about 2-1/2 miles long would be
excavated in earth to divert a standard project flood on Skunk
Creek to the Adobe detention-basin area.. Construction of the dive~

sion channel would require construction of a bridge for the Black
Canyon Highway.

(~) Skunk Creek channel.--The Skunk Creek channel would be
a concrete-lined trapezoidal ch8lh~el constructed along Skunk Creek
from a point just upstream from the outlet of the Union Hills
diversion channel downstream to a confluence with the New River,
a distance of about 6-1/2 miles. The channel would have a design
capacity ranging from 24,400 to 41,400 cubic feet per second,
base widths ranging from 15 to 40 feet, and depths ranging from
10 to 23 feet. Bridges at 59th Avenue, Bell Road, and 83rd Avenue
would be required; and about 2,000 feet of Union Hills Drive would
be relocated.

(i) New River detention basin.--The New River detention basin
would be constructed on the New River about 8 miles upstream from
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the mouth of Skunk Creek. The main embankment would be a compacted
earthfill structure \'ith a maximl~ height of about 80 feet above
streambed. The cl'est of the emban~illlent would be 2,700 feet long.
An earthfill dike about 4,900 feet long "Tould be required along t~e

west edge of the detention-basin area. The detention basin, which
would have a capacity of 39,500 acre-feet, would reduce a standard
project flood vith a pea~ inflow of 60,000 cubic feet per second
to an outflow of 1,000 cubic feet per second.

(J) NevT River channel improvement. --The improved chan:1el for
the New River VTould extend from the mouth of Skunk Creek dmmstTeam
to the confluence with the Agua Fria River, a distance of about
8 miles. The channel, vihich "pould be excavated in earth, would
have revetted side slopes. The channel would be a trapezoidal
section with bottom widths ranging from 400 to 800 feet and depths
ranging from 8-1/2 to 11 feet. The design capacity of t~e cha~~el

v!ould range from 53,i~00 cubic feet per second at the U.S. RighI-noW
No. 60 cToss~ng of the channel to 58,000 cubic feet per second at
the mouth 0: the New River. Tte Sante Fe railroad, the U.S. Highway
No. 60, and the Glendale Avenue bridges would require modification.
Dip crossings woulc, be required at Thunderbird Road and at Peoria,
Norther~ and Olive Avenues.

(~) Agua Fria channel im~rovement.--An excavated earth
channel "pould be constructed in the Agua Fria River for a distance
of 7-1/2 miles from the mouth of the New River to a point about
2 miles downstream (south) of the bridge for U. S. Righ'·Tay No. 80.
The channel vlould be a trapezC'::'dal section VTi th base widths rang
ing from 800 to 1,500 feet and depths ranging from 8-1/2 to 10 feet.
The des:Lgn capacity of the channel Hould range fl'om 70,000 to
74,000 cubic feet per second. About 1/2 mile of El Mirage Road
v:ould be relocated. Dip crossings vould be provided for Van Buren
Street and for Indian School, Thomas, and McDoVTell Roads.

6. Each of the detention basins would be designed to contrel
a standard project flood from the drainage area upstream from the
dam. Each of the diversion channels and the other channel improve
ments vould be designed to control the runoff estimated to occur
on an average of about once in 100 years. Floods of these magni
tudes, although only about 46 percent of the standard project flood,
are larger than any knowT- flood of record in the metropolitan area.
The capa~ities of the recommended channels would be considerably
more than the nondamaging capacities of the existing vashes.
Improvements under the recommended plan would prevent about
89 percent of the total average annual damages in the overflow
areas along Dreamy Draw, Cave Creek, and Skunk Creekj along the
New and the Agua' Fria Riversj and along the small 'Pashes between
Cave Creek and the Agua Fria River. Most residual damages would
result from flovs originating dmrnstream from the proposed v!orks.
The economic life of each project unit is considered to be 100 years.
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7. .Project cOsts. --The estimated·f1rst costs for the recom
mended project, based on October 1963 prices, are given in the
following table:

Estimated first costs of recommended project - Phoenix, Ariz., and
vicinity (including New River)

.. '

:...;Jo':..<.>':O-
".\~ .

)
Item

Federal (construction of channels and detention :
basins) ..........•................................. :

Non-Federal (rights-of-way and relocations) :

Estimated
first costs

$59,680,000
11,120,000

Total : 70,800,000

8. The average annual cost (all non-Federal) for maintenance
an~ operation is estim~t€d ~t $223;000 Preauthorization costs
of $275,000 already expended are not included in the preceding
estimates.

9. Benefit-cost ratio.--Average annual costs and benefits
and benefit-cost ratios for the recommended project, developed on
the basis of an economic life of 50 years and an economic life of
100 years, are given in the following table. An interest rate of
3 percent vTas applied, and October 1963 prices were" used.

Pertinent information on average annual costs and benefits and
benefit-cost ratios for reccnmended project - Phoenix, Ariz.,
and vicinity rGlcluding New River)

i1i~~

Item Life of project

100 years : 50 years

.)

Average annual costs:
Interest and amortization :

(Federal ) ..•....•.•...........••.. : $1,927,000
Interest and amortization

(non-Federal) .....•............... : . 581,000
haintenance and operation :

(non-Federal) ................•.... : 228,000

Total .............•••...••...... : 2, 736,000
(Say) .........•..•..•...•....•.. : 2,740,000
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Pertinent information on avera~e ann11al costs and benefits and
benefit-cost ratios for recommended project - Phoenix. Ariz"
and vicinity (including New River)-_eontinued

Life of project
Item

100 ~ars 2Q....y,ears

Average annual benefits:
Prevention of flood damages ..••••.••••• : $7,750,000
Increased utilization of land •••.•••••. : L602000

Total ..........................•..... : 8,210;000

$5,830,000
_---=4:=2=0-1 000

6)2'50)OOQ

')

Ratio of benefits to costs ••••.••..••.••. : 3.0 to 1 1.9 to 1

10. Intan~ible project effects.--Many benefits not susceptible
of monetary evaluation would accrue from the operation of the
improvements considered in this report. Such benefits would inclt~de

reduction of the.danger of loss of life from floods. Loss of life
has occurred in the Phoenix area in previous floods; with the
rapidly increasing development in the overflow area, the danger of
loss of life is increasing. Other intangible benefits would result
from (2) prevention of such interruption of services from the
P~izona Canal as would occur when the canal is emptied to perform
flood-control diversion during rainstorms o~ is breeched by
floodflows; (£) reduction of epidemics caused by flood damages to
sewer and water systems; (£) prevention of interruptions to traffic,
business transactions, public utilities, home life, and school and
other normal community activities; and (g) preservation of community
morale by reducing the fear of floods in the overflow areas.

11. Current and future needs.--The recommended project is
feasible from an engineering standpoint. The project improvements
would provide substantial flood protection to (~) lands and
improvements along Dreamy Draw and Cave Creek, including an
intensively developed urban area of residential, commercial, public,
and utility property, and (£) property subject to sheet flow in
the lower Deer Valley area. The improvements \~ould also supply
flood protection to agricultural property along Skunk Creek, the
New River, and the Agua Fria River and to ~~ban property in the
communities of Peoria and Avondale on the New and the Agua Fria
Rivers, respectively. The improvements would also provide benefits
~rom increased utllization of land for about 1,840 acres in the
overflow area of Cave Creek. Construction of the improvements would
permit the development of this land to its full potential by urban
type residential and commercial property.
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12. The project plan is an integral part of the comprehensive
flood-control plan for the Phoenix metropolitan area. The improved
channels, particularly the channels in the New and the Agua Fria
Rivers, would provide a majer outlet for a local storn-drair! syst€.m,
The project improvements should meet foreseeable justifiable flood
control needs of that part of the Phoenix metropolitan area that is
affected by Dreamy Draw, Cave Creek, Skunk Creek, the New and the
Agua Fria Rivers, and the small washes between Cave Creek and the
Agua Fria River.

13. If the Central Arizona project is authorized by Congress,
the U.S. Bureau of Reclamation would construct an aqueduct across
the drainage areas under consideration in this report. Considera
tion has been given to coordinating flood-protection works for
that aqueduct with flood-control improvements under the comprehen
sive plan for the Phoenix metropolitan area.

14. Consideration was given to inclusion of fish, wildlife,
and recreational facilities as part of the improvements recommended
in this report. However, under present conditions, with water
supplies limited to the natural flows of the streams under considera
tion, storage for water conservation or waterpower could not be
justified. In addition, fish-and-wildlife or recreational facilities
that could be developed would be minor and probably could not be
justified because of the low average annual yield of the streams
involved and the high evaporation and large infiltration losses
that would occur in the reservoir areas. Under present. conditions,
recreational developmer-t at the detention basins probably would be
limited to land-based recreation, such as day camping, picnicking,
riding, and hiking. Such recreational facilities - if desired by
local interests - would be so constructed, operated, and mairrcained
by local interests as to be compatible with the project purpose.
However, the Granite Reef aqueduct of the Central Arizona project~

proposed by the Bureau of Reclamation, would cross the Ne\r RivE:r,
Skunk Creek, and Cave Creek in the vicinity of the proposed det8~

tion basins. A definite location for this aqueduct has not been
determined and all features of the Bureau project have not been
firmed. vlith the importation of Colorado River water to the area,
the proposed detention basins probably could· be adapted for
multiple-purpose use with mutual advantages for the Central Arizona
project aqueduct facilities; for those future municipal water-supply
treatment and distribution facilities of the city of Phoenix that
vJould be supplied by the Central Arizona project; for the recrea'
tional plans of the Maricopa County Parks and Recreation Departmer-t;
and for the fish-and-\·lildlife facilities to be developed jointly by
the Arizona Game and Fish DeDartment and the U.S. Bureau of Sport
Fisheries and Wildlife. No detailed studies of fish-and-wildlife
or recreational facilities were, therefore, made under present
water-supply conditions. The addition of such facilities would not
appreciably change the overall conclusions of the report.
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Modification of the improvements recommended in this report ~ould

be made in the definite-project studies after the Central ft~izona

project plans are firmed, andvupon determination of the econo~ic

justification of the addition$l facilities required. The
recommended plan could also b~; modified to permit some floodflo~s

to be delivered to existing canals do~nstream from the improvements
or to ~ater-spreading areas if local interests desire such
facilities. The modification could be made at such time as desired
by using agencies of local interests ~ho 1·!ould be l~illing to pay
the added expense. All lands for construction of improvements
under the recommended plan "·}Quld be supplied by local interests.
These lands ~ould be administered by local interests in connection
~ith their operation and maintenance of the project.

15. Allocation of costs.--The recommended plan ~ould provide
for a single-purpose flood-control improvement. No allocation of
costs bet~een purposes ~ould be involved.

16. Local cooperation.--The terms of local cooperation for
the recommended project ~ould provide that, prior to construction j

local interests ~ould supply assurances satisfactory to the
Secretary of the Army that they ~ill (2) acquire and provide 
~ithout cost to the United states - all lands, easements, and
rights-of-~ay necessary for the construction and subsequent main
tenar.ce and operation of the project; (9) perform - I·Jithout cost
to the United States - all necessary relocations of high~ays, roads,
bridges, and utilities and all necessary street and high~ay

modifications required in co~~ection uith construction of the
flood-control '.Jorks, (g) hold and save the United States free from
any damages due to the construction ,..Jorks; (9) maintain and operate
all the ~orks, after completion, in accordance ~ith regulations to
be prescribed by the Secretary of the Army; (~) prevent any
encroachment upon the improved channels or uithin the detention
basin areas that ~ould reduce their flood-carrying capacity; and
(f) hold and save the United States free from all damages arising
fron ~ater-rights claims resulting from construction, maintenance,
and operation of the project. These terms are in cccordance ,dth
provisions of flood-control la~ for local-protection projects.

17. Extent of interest in project.--Local interests desire
protection from floods and prevention of resultant flood losses
along Dreamy Dra~, Cave Creek, and Skxuti{ Creek; along the Ne~ and
the Agua Fria Rivers; and along the small ~ashes bet~een Cave Creek
and the Agua Fria River. The in~rovements they desire ~ould also
perruit full development of certain lands ~ithin the overflow area
and ~ould eliminate interruptions to high~ay, irrigation, and
utility services and to normal community activities. Local interests
have given assurances of their cooperation in the project. Their
interest in flood-preventicn improvements in the area is indicated
by the establis~Jnent of a flood-control district and by the
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formulation and adoption of a comprehensi~1Plan for flood control
for the entire area. The Cave Creek Dam;)'.-upstream from the
proposed Cave Buttes Dam, ~as built by loeal interests in March 1923
at a cost of $550,000. Local interests,to.·Jun.e 30, 1963, have
expended an additional amount estimated. a~ almost $9,000,000,
principally in Phoenix and the adjacent ar,e~,'for various flood-
control ~orks. '-' -,,'

18. Other plans considered.--Localinterests also requested
consideration of a multiple-purpose dam proviuing for ~ater

conservation and flood-control storageon·the: upper Ne~ River about
3 miles north of the settlement of Ne~ River•. Ho~ever, such a dam
~as not considered in detail because of the minor flood-control
benefits that ~ould accrue, as compared ~ith the larger flood
control benefits that ~ould accrue from a detention basin at a
site farther do~nstream.
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